
The Journal 
of 

Biological Chemistry 


Volume 154 
1944 


Reprinted by arrangement with the American Society of Biological Chemists, Inc 

JOHNSON REPRINT CORPORATION 
New York, New York 




THE JOURNAL 

OF 

BIOLOGICAL CHEMISTRY 

rocXDED nr cnntariAN a nnnTCii a«d bobtaiked i« paitt dt the cHniariAN a HEnrER 

UEUoniAE mnn 


EDITED FOR THE AMERICAK SOCIETY OP BIOLOGICAL CHEMISTS 


EDITORIAL BOARD 

RUDOLPH J ANDERSON HOWARD B LEWIS 
W MANSFIELD CLARK ELMER V McCOLLUM 

HANS T CLARKE WHLIAM C ROSE 

CARL F CORI WHLIAM C STADIE 

EDWARD A DOISY DONALD D VAN SLYKE 

A BAIRD HASTINGS HUBERT B VICKERY 


VOLUME 154 
Baltimore 
1944 



CorTniouT 15(1 
nr 

THE AMERICAN »OCIET\ OF BIOtOOICAL CHEMISTS INC 


Ftral repnnUng, 1959, Johnson licpnnt Corporation 



CONTENTS OF VOLUME 154 


Ko 1, Ju^E, 1944 

TAOE 


ciiniT, DanA Biological conversion of ncti\cnon quinones of vitamin K to 
the quinonc form 1 

\iniDOB,J M It , Lucas, Cohn C , and O’GnADT, Marian K The effect of 
the nature and level of protein and ammo acid intake upon the accumulation 
of fat in the liver 9 

HCLBEROER, Liluan, and RicuTi-n, Richard B Water, nitrogen, and elec- 
trol} to concentration in brain 21 

101 LEV, D W Production of riboflavin deficiency with phenazine analogues 
of nboDavin 31 

ERS, Victor C , Tree, Alfred H , and Rosinski, Ethelheda E Studies on 
animal diastases VI The determination of diastase (amylase) in blood 39 
eves, Ricrard E The optical activitj of the copper complexes of polysac- 
charides and substituted methyl glucosides 49 

IWJ., W L The trj ptophane and tyrosine content of peanut proteins 57 
LOCK, Robert Ridoely, and Goodland, Ruth L Interference in the deter- 
mination of thiamine with the diazotizcd p aminoacetophenone reagent 63 

GnER,H O iKensler, C J ,Levv,H , Poore, E , Rhoads, C P ,andXJNNA, 
Klaus Interrelationship between thiamine and riboflavin in the liver 69 
oiiEH, H 0 , Kensler, C J , Tatlor, H C , Jr , Rhoads, C P , and Unna, 
».LAUS The effect of vitamin deficiency on estradiol inactivation by liver 79 

'IS, Edwin R The protein-formaldehyde reaction I Collagen 87 

, IS, Edwin R , and Lams, M M The protein formaldehyde reaction II 
I Vool 99 

\ ter, John R A convenient method for the preparation of synthetic 
xanthopterin 105 

iMAN, William H , and Abtom, Cajhllo The relation of the diet to the 
, composition of tissue phospholipids IV The action of choline and chobne 
precursors in weanling rats < 109 

iMAN, WiLUAM H , and Artom, Cauillo The relation of the diet to the 


composition of tissue phospholipids V The action of choline, vitamins, 
amino acids, and their combinations in two month old rats 
Adrian M , and Horowitz, N H The ornithine cycle in Neurospora and 
its genetic control 

owiTZ, N H The d anaino oxidase of Neurospora 
_nery, David C A leucineless mutant strain of Neurospora crassa 
N, Francis J , and Brand, Erwin A method for the determination of leu- 
cine in protein hydrolysates and in foodstuffs by the use of a Neurospora 
nutant 


117 

129 

141 

151 


161 


ENBERG, Leon A , and Lester, David A micromethod for the determina- 
lon of acetone and ketone bodies 177 


V William H , Moore, Stanford, and Bergmann, Man Aromatic sul- 
onic acids as reagents for peptides Partial hydrolysis of silk fibroin 191 
iLER, Philip The effect of excessive nicotinamide feeding on rabbits and 
uinea pigs 203 

Rs, Harry H , and Levatin, Paul A method for the determination of 
xalic acid in unne 207 


111 



IV 


CONTENTS 


Sakaiu, War-vvick, and Wilson, D Wright Studies on l-methylhistidme I 
A synthesis of dI-1 methylhistidine 215 

Sakami, Warwick, and Wilson, D Wright Studies on 1 methylhistidine 
II A study of the metabolism of dl-l-methylhistidine m the albino rat 223 
Fraenkel-Conrat, Heinz The action of 1,2 epoMdes on proteins 2^ 

Fraenkel-Conrat, Heinz, and Cooper, Mitzi The use of dj es for the deter 
imnation of acid and basic groups in proteins 239 

Kilmer, Glen W , and nu Vigneaud, Vincent A synthesis of methionine 
contaimng isotopic carbon and sulfur 247 

Baldwin, A Richard, and Longdneckbr, Herbert E Component fatty acids 
of early and mature human milk fat 2o5 

Kamkar, Herman M Rejuvenation of phosphate in adenine nucleotides I 
Enzymatic methods for separation of phosphate groups in polyphosphorvl- 
ated nucleotides 267 

Kalckar, BteRMAN M , Dehlinger, Jean, and Mehler, Alan Rej uvenation of 
phosphate m adenine nucleotides II The rate of rejuvenation of labile 
phosphate compounds in muscle and liver 275 

Craig, Lyman C , Michaelis, Leonor, Granick, S , and Jacobs, Walter A 
The aconite alkaloids XV The nature of the nng sjstem and character 
of the mtrogen atom 293 


Leltera to the Editors 

Lester, David The non appearance of salicylates in the unne after the ad- 
ministration of dicumarol 305 

Rooosa, M Microbiological method for the quantitative determination of 
small quantities of potassium 307 

Lehninoeb, Albert L The relationship of adenosine polyphosphates to fattj 
acid oxidation in homogenized liver preparations 309 

Rittenbebg, D , and Bloch, Konrad The utilization of acetic acid for fattj 
acid synthesis 311 

Snell, Esmond E The vitamin activities of “pyridoxal” and “pyridoxamine” 313 
Harris, Stanton A , Heyl, Dorothea, and Folkers, Karl The structure and 
synthesis of pyridoxamine and pyridoxal 315 


No 2, July, 1944 


GyOrgy, Paul, and Tomarelli, Rudolph M Further observations on phjsio 
logical antioxidants 

Militzer, Walter E The direct determination of 5 keto d gluconic acid 
Hoar, W S , and Haist, R E Ammo acid mtrogen changes in shock 
Tweedy, Wilbur R , and Campbdi L W Wesley The effect of parathyroid 
extract upon the distribution, retention, and excretion of labeled phosphorus 
Potts, Albert M , and Gallagher, T F Separation of oxytocic and pressor 
principles of posterior pituitarj extracts 
McClendon, J F Microdetcrmiuation of volatile fatty acids in blood 
ScHUiMMEB, Sigmund Comparison of crude and purified preparations of a 
leucylpeptidase associated with beef muscle 
Roberts, Eugene, and Eckstein, H C Influence of some sulfur containing 
compounds on liver hpid content of young iihite rats 
Roberts, Eugene, and Eckstein, H C The creatine content ol the gastrocne 
mius muscle of young male rats on diets varying in i holme content 


317 

325 

331 

339 

349 

357 

361 

367 

377 



CONTENTS 


V 


Mortov.M E , Chaikoff, I L , and Rosenfeld, S Inhibiting effect of inor- 
ganic iodide on the formation in vtlro of lhjro\inc and diiodotyrosine by 


sumiing thyroid tissue 381 

Yotrso, Leslie, and Zdahskv, S H Mercaptunc acids V The metabolic 
formation of p nuorophcnylmcrcapturic acid from fluorobenzene 389 

ScnoTT, Hehmavs E , Rocklavd, Louis B , and Dunn, Mai. S Investigations 
of ammo acids, peptides, and proteins XVI A source of error in the mano- 
mctnc ninhydrin method for the analysis of amino acids and its suppression 
by the use of hydrazine 397 

Ramsdeil, G a , and Whittier, E O Composition of casein in milk 413 

Simon, Frieda P , Horwitt, M IC , and Gerard, R W The inhibition of 
catalyzed oxidations by hemins 421 

Christensen, Hal\ or N The configuration of valylvalinc in gramicidin 427 
Milucan, R Carl, and Broun, J B The isolation and properties of some 
naturally occurring octadeccnoic (oleic) acids 437 

Baer, Erich, and McArthur, C S Phosphorylcholine 451 

Sizer, Irwin W Temperature activation and inactivation of the crystalline 
catalase hydrogen peroxide system 461 

Katzhan, PniLir A , Hats, Edtvin E , Cain, C K , Van Wtk, J J , Reithel, 
r J , Thater, Sidnet a , Doist, Edward A , Gabt, W L , Carroll, C J , 
Muir, R D , Jones, L R , and Wade, Nelson J Clavacin, an antibiotic 
substance from Aspcrfftllus clavatus 476 

ScHTViiiMBR, SiOMUND Regeneration of heat-inactivated peroxidase 487 

Velick, Sidnet r The chemistry of the lipids of tubercle bacilli LXVI 
Concerning the structure of tuberculosteanc acid 497 

Letters to the Editors 

Morris, Daniel Luzon The action of 0 amylase on corn glycogen 503 

Ham, Wendell E , and Sandstedt.R M A proteolytic inhibiting substance in 
the extract from unheated soy bean meal 505 

No 3, August, 1944 

Mead, James, and Koepfli, J B The structure of a new metabolic derivative 
of qmmne 607 

Shahrokh, Bahman K Modification of the chlorate digestion method for 
microdetenmnation of iodine in biological matenals 517 

Silverman, Milton, and Evans, E A , Jr The effects of spermine, spermi- 
dine, and other polyamines on the growth inhibition of Escherichia colt 
by atabnne 521 

Koepsbll, H j , Johnson, Marvin J , and Meek, J S R61e of phosphate in 
pyruvic acid dissmulation by cell free extracts of Clostridium butyheum 535 
Dakin, H D Hydroxyleucines 549 

Obermever, H G , Fulmer, W C , and Young, J M Cocarboxylase hydroly- 
sis by a wheat phosphatase 557 

Morris, Daniel Luzon 4. method for the quantitative microdetermination of 
glucose and maltose in mixtures 561 

Creighton, M M , Chang, L H , and Anderson, R J The chemistry of the 
lipids of tubercle bacilli LXVII The lipids of the human tubercle bacillus 
H 37 cultivated on a dextrose containing medium 569 


VI 


CONTENTS 


Creighton, M M , and Anderson, E J The chemistrv of the Iipids of tuber- 
cle bacilli LXVIII The lipids of cell residues from the preparation of 
tuberculin 581 

Edens, Charles 0 , Creighton, M M , and Anderson, K J The chemistrj 
of the lipids of tubercle bacilli LXIX The composition of the acetone- 
soluble fat of cell residues from the preparation of tuberculin 587 

Edwards, Beatrice, and Routh, Joseph I Chemical studies on powdered 
keratins 593 

Auerbach, M E , and Eckert, H William The photofluorometnc determina- 
tion of atabnne 697 

Talbot, Nathan B , and Eitingon, Irka V Unnary steroids Use of the 
penodic acid reaction in the measurement of non ketonic steroids ob- 
tained after various types of hydrolysis 605 

McClendon, J F , and Foster, William C Protein bound iodine in erythro 
cytes and plasma 619 

Van Sltke, Donald D , and Archibald, Reginald, M Manometnc, titri- 
metric, and colorimetric methods for measurement of urease activity 623 

Archibald, Reginald M The enz3Tnatic determination of glutamine 643 

Archibald, Reginald M Preparation and assay of glutarainase for glutamine 
determinations 657 

Stadie, William C , and Riggs, Benjamin C An apparatus for the deter- 
mination of the gaseous metabolism of surviving tissues in vttro at high 
pressures of oxygen 669 

Stadie, William C , and Rioos, Benjamin C Microtome for the preparation 
of tissue slices for metabolic studies of surt iving tissues in mlro 6S7 

Cohen, Seymour S , and Craroapf, Ebuin Studies on the composition of 
Rickettsia prowazeki 691 

Pedersen, Svend, and Lewis, Howard B The partition of urinary nitrogen 
after the oral administration of glutamic acid, pyrrolidonecarboxylic acid, 
proline, and hydroxyproline to rabbits 705 


Letters to the Editors 


Scott, M L , Norris, L C , Heuser, G F , Bruce, W F , Coover, H W , Jr , 
Bellamy, W D , and Gunsalus, I C A new chick antianemic factor 
Stokes, Jacob L , and Gunness, Marion Utilization of amino acid enantio 
morphs by Lactobacillus arabinosus and Lactobacillus casei 
Elson, William O The antagomstic effect of phospholipids on the antibac 
tenal action of propamidine 

Sevao, M G , and Green, Morris N The r61e of pantothenic acid in the syn 
thesis of tryptophane 

Campbell, C J , Brown, Raymond A , and EmmeTt, A D The rOle of crystal 
line vitamin Bein the nutrition of the chick 
Utter, M F , Werkman, C H , and Lipmann, Fritz Reversibility of the 
phosphoroclastic split of pyruvate 

Lipmann, Fritz, and Tuttle, L Constance Keto acid formation through the 
reversal of the phosphoroclastic reaction 


713 

715 

717 

719 

721 

723 

725 


Indek to Volume 164 


727 



BIOLOGICAL CON^'EIlSION OF ACTIVE NON-QUINONES OF 
AUTAMIN K TO THE QUINONE FORM 

By dan a RICHERT* 

(From the Laboraloni of Biological Chemistry, St Louts Unti’crsily School of Medicine, 

Si Louis) 

(Received Cor publication, Jnnuar\ 25, 1944) 

A*; soon as it was announced bj' McKee a/ (1) that vitamins Ki and Kj 
are qumones, Doisv and his coworkers (2) tested various compounds for 
vntamm K actmty and stated (3) that, “Onlv 1 ,4-naphthoquinones and 
compounds which upon o\idation in the organism might yield 1 ,4-naphtho- 
quinones showed activntj ” Such non-qumones as methjltetialones 
(4, 5) and 4-amino-2-mcthv 1-1-naphthol (2, 6-8) as well as such esteis and 
othei'S of 2-methvl-l ,4-naphthoh3'droquinone as the diphosphate (6, 9-11) 
and 2-methj 1-1 jd-dimethoy"} naphthalene (12) hav'e now been shown to 
possess high vntamin K potencies On the other hand Fiesei el al (13) 
found that compounds, which due to substituents m the 1 or 4 position 
could not giv'e 1 ,4-quinones, aie inactive 

An mvestigation of the question of associating the activit}' of these com- 
pounds with then conversion has been extended bv metabolism studies in 
which the compounds weie administered to fowls and rabbits, and then 
conversion to qmnonc estimated bv detei mining colorimetncallv the 
amount of meth} Inaphthoquinone in the urine 

Colonmelnc Analysts of 2-Melhyl-l ,4-naphthoqmnone 

2-Methyl-l,4-naphthoquinone was found to respond to the Craven (14) 
ethyl cyanoacetate test for qumones by giving a deep blue coloi which 
faded rapidly It occurred to us that perhaps the coloi could be stabilized 
by 1 educing the alkalinity, therebj making it applicable to colonmetnc 
measurements It was found that at a pH of 10 5 the color is stable foi at 
least 25 minutes Foi example, the coloi was developed with 32 y of 
2-methyl-l ,4-naphthoquinone according to the piocedure described below 
5 minutes later the transmission reading was made wnth a Cenco-Sheard 
spectrophotelometer and w as found to be 69 per cent 25 minutes later the 
transmission was still 69 pei cent The intense blue color exhibits maxi- 
mum light absorption in the region of 570 m/i (Fig 1), and the intensity is 
proportional to the concentration of 2-methjl-l,4-naphthoquinone in com- 

* Present address. Department of Phjsical Chemistry, Harvard Xledical School, 
Boston 
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QUINONE CONVERSION 


phance mth Beer's law (Fig 2) 8 to 10 r maj be detected and measured 

satisfactonly (Figs 2 and 3) 

Apphcahon to Alcoholic Solutions — The test for 2-methyI-l,4-naphtho- 
qiunone in ethyl alcohol is made treating 1 cc of the solution with 3 
drops of eth} 1 cj anoacetate and 5 cc of a sodium borate buffer of pH 10 5 
(15) in a photometer tube Several minutes are alloised for the color to 
develop fully and the intensity is measured in a photelometer mth an orange 



Fio 1 Fio 2 

Fig 1 Absorption curve of the ethyl c>anoncetate-2-niethyl-l,4-naphthoquinoDe 
color reaction Measurements were made mth a Cenco-Sheard speotrophotelometer 
Fio 2 E\tinction-concentrntion curve of the ethjl cyanoacetate-2-methyl-I,4 
naphthoquinone color reaction The color was developed nith 1 cc of alcoholic 
solution of the quinone, 3 drops of ethj 1 cj anoacetato, and 6 cc of 0 2 m sodium borate 
buffer, pH 10 5 Measurements n ere made with a Cenco-Sheard speotrophotelom 
eter 

filter transmitting maximally at 590 mfi Calculation is made by reference 
to a calibration curve prepared with vanous known concentrations of 2 
methyl-1, 4-naphthoqumone (Fig 3) 

Application to Unnc Analysts — We found that 2-methyl-l,4-naphtho 
quinone admmistered to animals is excreted in the unne in a conjugated 
form vhich must be hydrolyzed before it responds to the color test The 
follovmg procedure vas used m the metabohsm studies 
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A measured volume of unne was placed m a round bottom flask eqmpped 
^\^th a ground glass joint Concentrated hydrochloric acid (10 cc of HCI 
to 100 cc of unne) uas added, the flask fitted mth a condenser, and the 
unne boiled for 30 minutes and allowed to cool to room temperature Smee 



Tranenlttance 


Fia 3 Calibration curve for 2-niethyl-l,4-naphthoquinone, obtained with a 
photelometer for routine use equipped with a No 348 filter, transmitting maximally 
at 690 mji 

2-methyI-l,4-naphthoqumone sublimes rather easily, precautions were 
taken to nnse the bore of the condenser with small portions of ether before 
it was disconnected The cooled unne was nearly saturated with sodium 
ohionde to prevent heavy emulsions from forming when shaken with ether 
The unne was extracted three times with 100 cc portions of ether m the 
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separatory funnel The extiacts weie combmed and gently agitated for 
several hours bj occasionally shaking or ivith a gentle stieam of air passing 
through the solution This vas done to insuie oxidation of any methyl- 
naphthohydi oqumone nhich nas assumed to be formed by the acid hj- 
drolysis 

The ethei solution i\as next evti acted \nth an equal volume of 0 05 N 
NaOH solution, which removed most of the pigments This nas followed 
by one washing with distilled watei The ether phase was drained into a 
distilling flask, and the ether evapoiated The lesidue was dissolved in 
absolute alcohol and transferred by means of a pipette to a volumetric 
flask of appiopnate volume in which it could be properly diluted with 
additional alcohol 

The color was then developed in 1 cc poitions of the alcohol solution 
These solutions usually still contained some ether-soluble pigments Sev- 
eral cc of ether were added to the tube containing the colored solution and 
the contents thoroughly shaken All of the color due to the qumone re- 
mained in the aqueous phase, while the mterfenng pigments were extracted 
by the ethei The tubes were centnfuged if the solutions were turbid, and 
photelometnc readings were made The recoveiy of known amounts of 
■'-methyl-1 ,4-naphthoquinone added to unne ranged from 80 to 90 per cent 
0 6, 1 0, 1 3, 8 0, and 16 0 mg of the qumone added to 100 cc 
* -o of urine, 90, 91, 90, 84, 80, and 80 per cent respectively were recov- 
*■ Decreasing the concentration of the acid or of the time for hydrolysis, 

performing the hydrolysis in the absence of light, did not increase the 
efficiency of the recoveries 

Metabohsm — It had been observed that when 2-methyl-l,4-naphtho 
qumone was administered to rabbits 31 to 42 per cent of it could be recov- 
ered from the urine collected m metabohsm cages over penods of 18 hours 
after treatment (Table I) The qumone was suspended m benne oil for 
intramuscular and subcutaneous injections, while oral administrations were 
made by emulsifying the qumone with oil or milk and feeding by stomaeh 
tube 

It seemed probable that, if non-qumone antihemorrhagic compounds 
are converted to methylnaphthoqumone, they would be excreted in the 
same conjugated foim as administered 2-methyl-l,4-naphthoquinone 
Conversion studies of 4-ammo-2-methyl-l-naphthol, 2-meth3d-l-tetralone, 
2-methyl-l ,4-dimethoxynaphthalene, and tetralithium 2-methyl-l ,4-naph- 
thohydroqumone diphosphate m the rabbit and of 2-methyl-l-tetralone and 
2 -methyl-l, 4-dimethoxynaphthalene m the chicken' are here reported 

1 Ycar-old cocks were provided with an artificial anus by the surgical procedures 
described by Voltz (17) In this way large volumes of unne free from excreta were 
collected The author wishes to express his gratitude to Dr N J Wade who per- 
formed the operations 
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The water-soluble compounds \\ere given intravenously and the others 
were administered in oil or 30 per cent alcohol by the routes indicated in 
Table II 

The animals were kept m metabolism cages and the unne was collected 
in flasks containing chloroform (and 3 cc of concentrated HCl in the di- 
phosphate e\penments to prevent h3'droljtic action of phosphatases on 
anj' diphosphate vhich might possiblj have been excreted unchanged) 
It vas found that the acid in this concentration did not hj^drolj'ze the di- 
phosphonc acid ester In fact, the diphosphate proved to be stable even 
to boilmg for 30 minutes in 100 cc of unne or water to which had been 
added 10 cc of concentrated HCl 


Table I 

Jtecovery of S-Methyl-1 ,4~’i<ip^tfioqmnone from Hydrolyzed Unne Following 
Administration of Quinone to Rabbits 


Ribbit No 

AdmmUtraUoD 

Dosage 

MetbyloapbtboqniQone 

recovered 



m/ 

mt 

Per cent 

1 

Intravenous* I 

5 

1 6 

31 

2 

tl • 

6 

2 0 

33 

3 

Intramuscular (oil) 

20 

7 5 

42 

< 

Subcutaneous " 

25 

6 7 

32 

6 

Oral (milk emulsion) 

40 

15 7 

39 3 

6 

“ (oil •' ) 

500 

189 0 

37 8 

7 

(( tt <t 

500 

180 0 

36 0 


* Aqueous solution ot a bisulfite addition product (16) of 2-methyl-l,4-naphthO' 
quinone, Abbott 


An ether extract of hydrolyzed normal rabbit unne contains a substance 
which develops a shght bluish color with ethyl cyanoacetate, but which is 
without antihemorrhagic activity The residue of hydrolyzed normal 
rabbit urine was dissolved in benne oil and admimstered orally to vitamin 
K-deficient chicks Each of six chicks received a dose equivalent to the 
color produced by 6 7 of 2-methj'I-l ,4-naphthoqumone The clotting time 
(19) was not reduced to normal m any of the cases The unne of chickens 
contains less interfenng substance 

Adequate control values w'ere established on urme samples collected 
before the ammals were treated An amount of material equal to that 
admimstered was added to these samples, and the urines hydrolyzed and 
assayed Thus any assay value abov'-e the control represented qumone 
which had been formed through biological conversion of the admimstered 
compound, and not that foimed by chemical conversion of any of the sub- 
stance possibly excreted unchanged 
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Results 

Administered 4-ammo-2-methyl-l-naphtliol produced large quantities 
of methylnaphthoqumone m the urme The ammonaphthol is readily 

Table II 


Conversion of Vitamin K Active Non-Quinorus to Methylnaphthoqumone 


Compound 

Animal 

Admmiatration 

Dose* 

2Mctb 
yl 1 4- 
naphtho- 
quinone 
recovered 

Con 

trol 

Minimum 

amount 

convertedf 






mr 


ms 

per 

cent 

4-Amino-2-methyl- 

Rabbit 

Intravenous 

6 

0 

2 

50 



2 

60 

41 

70 

l-naphtholf 

it 

41 

14 

0 

3 

62 



3 

52 

25 

14 

2-Methyl-I-tetra- 

Chicken 

Oral (oil) 

43 

0 

3 

OO 



3 

2 

7 

00 

lone 

l< 

44 44 

76 

0 

6 

80 



5 


7 

75 


Rabbit 

Subcutaneous (oil) 

21 

6 

1 

12 


£ 


B 

4 

65 


li 

Intramuscular " 

21 

6 

1 

17 


i 


s 

4 

55 


it 

Oral (oil) 

54 

0 

2 

52 


* 



3 

70 


tt 

44 41 

64 

0 

1 

81 


i 


£ 

2 

26 

2-Methyl-l,4-di- 

Chicken 

44 14 

42 

0 

0 

41 


t 

E 

32 

0 

76 

methoxynaph- 

(( 

44 44 

42 

0 

0 

51 

0 

3 

E 

EE 

0 

73 

thalene 

tt 

“ (30% alcohol) 

61 

0 

0 

62 

0 

21 

0 

41 

0 

80 


tt 

'' (30% '' ) 

84 

0 

1 

65 

0 

EE] 

D 

m 

1 

67 


tt 

Intramuscular (oil) 

84 

0 

0 

76 

0 

33 

0 

42 

0 

50 


Rabbit 

Oral (30% alcohol) 


0 

0 

45 

0 

70 






(( 

'' (30% " ) 

15 

0 

0 

42 

0 

65 





2-Methyl-l,4- 

If 

Intravenous 

6 

0 

2 

0 



2 

a 

33 

3 

naphthohydro- 

(1 

44 

13 

4 

6 

1 

0 

5 

4 

6 

34 

3 

qumone diphos- 

<4 

44 

13 

4 

4 

1 

0 

5 

3 

6 

27 

0 

phate 

44 

44 

17 

9 

6 

4 

0 

8 

4 

6 

25 

7 


*4 

44 

44 

7 

11 

8 



11 

8 

26 

5 


44 

44 

44 

7 

11 

9 

1 

3 


6 

23 

7 


* Equivalent to 2-inethyl-l,4-naphthoquinon6 

t These values are considered to represent the nununum amount converted for the 
following reasons (a) The recovery of known amounts of 2-methyl-l,4-naphtho- 
quinone added to unne was only 80 to 90 per cent efficient (6) According to Scudi 
and Buhs (18) 2-methyl-l,4-naphthoquinone undergoes addition reactions with and 
18 adsorbed by the plasma proteins and is in part converted to phthiocol (c) It is 
not known whether more than one conjugated product is excreted and, if so, whether 
2-methyl-l,4-naphthoqiunone is completely liberated under the conditions of hy- 
drolysis that were used 

t As the crystalhne hydrochloride contaimng 0 5 m ethanol 

oxidized to the qumone when allowed to stand in solution exposed to air or 
when heated with 1 n HCl for half an hour Hoivever, there are several 
reasons for behevmg that the methylnaphthoqumone found m the hydro 
lyzed urme following the administration of the ammonaphthol was not the 
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result of the hydrolytic acid treatment on the amine excreted m an xm- 
changed form, but that it had undergone a change in the organism pnor to 
its elimination (a) The urine nas extracted xvith ether before it was 
subjected to hjdrolysis This should have removed any unchanged 4- 
amino-2-methyl-l-naphthol (6) The substance excreted in the unne was 
more stable to free quinone formation when allowed to stand in the unne 
at room temperature than vas the amine when added to normal unne 
A dose of 4-amino-2-methyl-l-naphthol, equivalent to 14 mg of 2-methyl- 

1 .4- Haphtlioquinonc, xvas admimstered to a rabbit by intravenous injec- 
tion About 8 hours later the rabbit unnated At this time an equal 
amount of the amine vas added to a control sample of urme collected from 
the same rabbit just before the injection, and the two samples were allowed 
to stand at room temperature for 20 hours Then each v as extracted with 
ether Nearly all of the 4-amino-2-methyl-l-naphthol which was added 
to the unne had been oxidized, as approximately 13 mg of 2-methyI-l,4- 
naphthoqumone vere found in the ether extract However, only a small 
amount of quinone (0 4 mg ) vas extracted from the unne of the treated 
rabbit Folloinng hydrolysis of the urines, 3 12 mg of methylnaphtho- 
quinone uere recovered from the test sample, while only 0 27 mg was 
found in the unne to which the amine had been added directly 

As much as 7 75 per cent of the admimstered tetralone was detected m 
chicken unne as methylnaphthoquinone Conversion took place in both 
species 

The amount of methylnaphthoquinone in the hydrolyzed rabbit unne 
following the administration of the diphosphonc acid ester approached 
the quantities recovered m the experiments with methylnaphthoqumone 
This compound is apparently hydrolj'zed in the body and excreted in the 
same labile conjugated form as 2-methyl-l,4-naphthoqumone 

2-Methyl-l,4-dimethoxynaphthaIene was converted by the chicken to 
a verj" small extent 0 50 to 1 57 per cent of the administered matenal 
was recovered as methylnaphthoquinone 

SUMMARY 

Craven’s ethyl cyanoacetate color test for quinones has been apphed to 
the development of a method for the determination of 2-methyl-l,4- 
naphthoqumone in the urme It has been found that such potent 
antihemorrhagic compounds as 4-amino-2-methyl-l-naphthol, 2-methyl- 

1 . 4- naphthohydroquinone diphosphate, and 2-methyl-l-tetralone are exten- 
sively converted to methylnaphthoqumone m the organism and excreted in 
a combined form 

The author wishes to express his gratitude to Dr Edward A Doisy for 
his interest and helpful suggestions toward carrymg out this research 
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Several groups of workers have attempted to account for the hpotropic 
action of casern and certam other proteins In 1937 Tucker and Eckstem 
(1) discovered the lipotropic effect of methionme and suggested that the 
lipotropic action of a ration containing 30 per cent casein is “a resultant 
effect of the simultaneous opposmg influences of the cystme and methionme 
of the diet ” Further studies by Tucker and Eckstem (2) led them to 
consider the possibility that other ammo acids may exert the same effects as 
methionme and cystme Subsequently they published data in support of 
their onginal hjqiothesis that the lipotiopic action of casern could be com- 
pletely accounted for by its methionme and cystme contents (3, 4) On the 
other hand, data published by Channon et al (5, 6) and by Best and Ridout 
(7) have indicated that other factors are mvolved As an outgrowth of 
these studies conflicting conclusions have been reached concemmg the 
relative lipotropic efficiency of methionme when fed as the free ammo acid 
and as a constituent of an intact dietary protem (3-5, 7) 

There are several complicatmg factors, such as the total caloric mtake, 
the nitrogen balance, and the dietary level of the essential ammo acids, 
which have not received adequate consideration m some of the experiments 
desenbed to date The apparent discrepancies mentioned above may have 
some simple explanation, smee no group has duplicated exactly the dietary 
conditions used by another, pai ticularly in regard to the kvel and nature 
of the protein in the basal diet While considerable work has already been 
done on the effect of these two factors, there are still many gaps m our 
knowledge of this phase of the subject The following experiments were 
designed to examine the mfluence of the nature and level of the dietary 
protem and of certam essential ammo acids upon the lipotropic efficiency 
of methionine 


EXPERIMENTAL 

For the experiments to be described a diet was desired which would be 
as low as possible in hpotiopic factors, but which would still be capable of 
mamtammg the body w eight of the rats The suitabihty of gelatm as the 
basal protein was considered, smee data m the literature mdicate that it 
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has no hpotropic influence (8) Moreoi er, the better grades are very low 
m methionine and cystme, if not completelj^ free of them It was reahzed 
that this deficient protein would icQUire supplementation either by essential 
ammo acids or by a complete protein A preliminary experiment was 
therefore conducted to determine the minimal ratio of casern to gelatm (at a 
total protein level of 20 per cent) which would just mamtain the body 
weight of young adult rats on a high fat diet Tu elve diets containing 0, 1, 
2, 3, 4, 5, G, 8, 10, 12, 16, and 20 pei cent casein, respective!}, were pre- 
pared All diets contamed 40 pei cent beef drippmg, 33 per cent cane 
sugar, 5 per cent salt mixtuie (McCollum, No 185 (9)), and agai 2 per cent 
A cod liver oil concentrate (500,000 i u of vitamin A and 50,000 i u of 
vitamm D pei gra ) w as added at a 0 015 per cent level All rats received 
daily subcutaneous injections of 0 5 cc of a solution m physiological sahne 
of 25 7 of thiaimne chlonde, 20 7 of nboflavin, 20 7 of pyiidoxme, 100 7 of 
calcium pantothenate, and 100 7 of nicotmic acid Ten rats (150 to 200 
gm ) were fed on each diet for 21 days Weight changes were recorded 
twice per week The ammals were lolled by a blow' on the head The 
livers weie analyzed foi total fatty acids bj the usual sapomfication pro 
cedure, followed by acichfication and extraction wnth petroleum ether 
The findmgs presented m Table I (Experiment A) show that 8 per cent 
casein with 12 per cent gelatin sufficed to mamtam body weight and that 
this quantity of casern did not reduce the hvei fat The findings were 
confirmed by a repeat experiment (pei formed 3 months later, m August, 
1942) on groups of ten rats under identical conditions at casein levels of 
0, 1, 2, 3, 4, 5, 6, 8, and 10 per cent The data presented m Table I (Expen 
ment B) show that an 8 per cent casern + 12 per cent gelatm mixture 
practically mamtains body w eight If one averages the data obtained from 
all twenty animals used at each casein level m Experiments A and B, the 
weight loss at 6 per cent casern is 6 3 per cent, at 8 per cent no loss or gain 
IS noted and at 10 per cent the gam is 2 1 per cent 

The gelatm actually used was reported to be practically free from organic 
sulfur The coloiimetnc test for methionme proposed by Sullivan and 
McCarthy (10) appeared to be negative as also was the cyanide nifro 
prusside test for cystme, and so the gelatm was fed w'lthout further exam 
ination ^ Later it was analyzed for total and inorganic sulfur and 1 07 
and 0 86 per cent, respectively, were found 1 his led to the determination 

> Subsequently, after methionme w as found to be present fay the HI method, ap^i 
cation of the colorimetric test as later described by McCarthy and SuHivaa ( 
indicated the presence of methionme Apparently the omission of thorough shaw 8 
after the final step, not mentioned earlier (10) , is essential for the full deyelopm 
the color A quantitative determination by this method gave a figure of 0 0 pe 
methionme m gelatin 
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of the sulfur distnbution by the Kassell and Brand (12) modification of 
Baemstem’s (13) method Methionine found by volatile iodide vas 1 02 
per cent, and bj thiolactone 0 84 per cent Only 0 03 per cent cystme was 
found Inorgamcsulfurby thismcthod vasO 88pcrcent Unfortunately, 
the presence of this not negligible amount of methionine vas discovered 
onlj after the conclusion of the feeding experiments Houever, even 20 


Table I 

Effect on Body Weight and Liter Fat of Increasing Casein Gelatin Ratio in High Fat 

Diet 


Ten rats (initial weight 150 to 200 gm ) m each group, duration of test, 21 days 


Ejpenmeiit 

and 

diet No 

Casein 

gelaib 

Change in 
weight 


Liver fat 

Food ingested 

As per cent liver weight 

As per cent 
body weight 
average 




! 

Range 

Average 


Ptr ctnt 

fer cent 

gm per rat 

I per day 

1 



A-l 

0 20 

-19 7 

9 1 

35 2-25 1 

28 3 

1 61 

A-2 

1 19 

-20 1 


32 2-13 2 

23 7 

1 44 

A-3 

2 18 

-16 3 

' 10 4 

' 35 3-22 8 

' 29 4 

1 88 

A-4 

3 17 

-13 2 

10 1 

35 2-20 1 

27 9 

1 72 

A^ 

4 16 

-7 9 

12 8 

37 5-23 4 

30 2 

1 87 

A-6 

5 IS 

-7 9 

11 7 

37 1-19 8 

29 0 

1 69 

A-7 

6 14 

-4 7 

10 7 

32 9-14 3 

26 5 

1 35 

A-8 

8 12 

+0 9 

10 1 

35 8-12 3 

26 0 

1 49 

A9 

10 10 

+2 1 

10 1 

32 8-13 0 

21 9 

1 12 

A-10 

12 8 

+8 6 

9 1 

32 2-10 2 

18 5 

0 82 

A-11 

16 4 

+4 5 

8 3 

24 8- 7 5 

11 3 

0 46 

A-12 

20 0 

+6 7 

7 6 

10 3- 7 0 

8 6 

0 32 

B 1 

0 20 1 

-25 0 

8 4 

29 4-15 8 

23 9 

1 14 

B 2 

1 19 

-19 2 

9 1 

30 6-20 8 

25 9 

1 42 

B-3 

2 18 

-18 2 

9 9 1 

35 0-12 0 

24 1 

1 33 

B-4 

3 17 

-15 8 

10 1 

33 6-15 3 

24 9 

1 43 

B^ 

4 16 

-16 4 

10 9 

35 7-17 1 

25 1 

1 38 

B-6 

6 16 

-12 6 

11 0 

34 5-21 0 

26 9 

1 53 

B7 

6 14 

-7 9 

11 4 

33 3-18 5 

27 4 

1 63 

B^ 

8 12 

-0 9 

12 0 

35 7-22 2 

26 6 

1 56 

B9 

10 10 

+2 1 

11 3 

34 2-12 7 

28 1 

1 73 


per cent of this gelatm m the diet did not produce any detectable hpotropic 
effect 

Diet 2 (8 per cent casern + 12 per cent gelatm) m the followmg expen- 
ment thus contamed 254 + 122 = 376 mg of methionme per 100 gm and 
Diet 3 (19 7 per cent gelatm + 254 mg of methionme) contamed 201 + 
2M = 455 mg of methionme The methionme madvertently mch- 
Diet 3 therefore resulted m an excess of 21 per cent over that 
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Diet 2 Although the experiments mvolvmg the assay of the hpotropic 
effect of casern on the basis of its methionme and cystine contents are 
disturbed, the effects of supplemental essential ammo acids upon hver fat 
are quite clear cut despite the imbalance of the methionme contents of 
some of the diets 

The experiment was origmally designed to mvestigate the fundamental 
question as to whether methionme and cystme alone accoimt for the lipo 
tropic action of casern, and to determme whether a deficiency m essential 
ammo acids affects the results It seemed desirable to determme whether 
the effects were similar on a diet capable of mamtammg body weight and 
on one penmttmg an appreciable weight loss The basal diet used for the 
experiments was as follows protem (gelatm), 20 per cent, beef dnppmg, 40, 
sucrose, 33, salts (McCollum, No 185), 5, agar, 2, vitamm A and D con- 
centrate, 0 015 per cent The B vitamms were given as descnbed m the 
previous expenment In the followmg test diets it mil be noted that 
casern or ammo acid supplements were added at the expense of the gelatin 

Smce we had determmed that a high fat diet contammg 12 per cent 
gelatm -f 8 per cent casern will mam tarn body rv eight without lowering 
hver fat, it was decided to use this protem combination for the test diet of 
one group of rats Another group of rats was given a ration contaimng 16 
per cent gelatm + 4 per cent casein, which permits a definite weight loss 

Gelatm is not a complete protem, lackmg, or bemg deficient m, the fol 
lowmg essential ammo acids besides methionme tr 3 'ptophane, vahne, 
isoleucme,* and threonme ’ Thus the diet of the group of rats receiving 
the gelatm supplemented mth the quantity of methionme believed equiva- 
lent to that m 8 per cent casein differs from the diet of the animals on 12 
per cent gelatm 8 per cent casein m that it lacks the essential amino 
acids mentioned above To control any possible effect of these dietary 
essentials upon the capacity of methionme to lower hver fat, another group 
of rats was therefore fed 18 7 per cent gelatm plus appropriate quantities of 
these essential ammo acids Because of the presence of a small amount of 
cystme m casern, an equivalent quantity of this antilipotropic substance 
was also added to the diets contammg free methionme The nature of the 
protem moiety of the experimental diets is shmvn m Table II 

The diets were fed to two senes of rata Senes I consisted of young am 
mals from 110 to 160 gm m weight, Senes II were older animals weighing 
230 to 270 gm Each diet was fed to a group of five rats, the younger ones 

> Block and Bolling (14) report 1 1 ± 0 2 per cent laoleucine in a commercial grade 


»Eose (15) found by feeding experiments that gelatin was an 
source of tbreomne More recently Shinn and Nicolet (16) determined i 
content to be only 1 6 per cent 
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being on the diet for 28 da 3 ’s, the older ones for onlj' 21 days TheVesults 
obtained are showTi in Table II 

It may be noted that m Senes I the rats hose food contained casern 
(Diet 2) consumed a much larger amount than did the rats of the other 
groups Because of this fact one would be led bj' the work of Griffith and 
Mulford (17) to expect a greater accumulation of liver fat than if the food 

Table II 

Efccl of Eiscnttal Amtno Aetds upon Apparent Lipotropic Activity of Methionine 

Diet 1, basal, 20 per cent gelatin,* Diet 2, 8 per cent casein (British Drug Houses, 
fat and vitamin frec)t + I2porcent gelatin. Diet 3, 0 25 per cent methionine + 0 034 
per cent cystine + 19 7 per cent gelatin (t c the amounts of these amino acids in an 
8 per cent casein diet), Diet 4, 0 25 per cent methionine + 0 034 per cent cjstine + 
0 8 per cent of a mixture! of valine, threonine, and isoleucine + 0 16 percent trypto 
pbanej + 18 7 percent gelatin, Dict5, 4 per cent casein -f- 16 percent gelatin. Diet 6, 
0 13 per cent methionine + 0 017 per cent cjstinc + 19 8 per cent gelatin (t e the 
amounts of these amino acids in a 4 per cent casein diet) 



t Series I (rat weight 110-160 gm ) 

Senes U (rat weight 230-270 gm ) 

Diet No 



1 Liter fat { 

Weight 

change 

Food 

consumed 

1 Li\cr(at 


eight 

ebiLOge 

rood 

consumed 

P«r cent 
In «r 
weight 

Per cent 
body 
weight 

Per cent 
liver 
weight , 

Per cent 
body 
weight 


per eent 

fiw per 
rat per day 



per cent 

tm per 
rat per day ; 



1 

-34 0 

5 4 

25 7 

1 54 


12 3 i 

27 3 

1 28 

2 

-1-3 3 

8 9 

34 1 

2 60 


13 7 

20 3 

0 80 

3 

-26 4 

5 2 

14 4 

0 76 


12 3 

16 4 

0 68 

4 1 

-8 3 

6 0 

32 2 

2 23 


12 3 

23 1 

Ka 

5 i 





1 -8 4 

12 2 

28 9 


6 1 



1 

i 

-15 5 

! 11 3 

1 

16 9 

0 68 


* This gelatin contained 1 02 per cent methionine and 0 03 per cent cystine 
t This sample contained 3 17 per cent methionine and 0 42 per cent cystine 
tThis mixture was obtained from a casein hydrolysate by butyl alcohol extrac 
tion and formation of the copper salts of the monoamino acids The water- and 
methanol soluble fraction was freed from copper and extracted with ethanol to 
remove proUne The resulting fraction, which was used for this n ork, gave negative 
tesla for methionine and cystine 

§ The tryptophane was isolated from a tryptic digest of casein and gave negative 
testa for methionine and cystine 

intake liad been restricted, and this was observed It is mtended, there- 
fore, to repeat this expenment on a paired feeding basis to eliminate as far 
as possible any effect of difference in food consumption It may be noted 
that in the case of the rats on Diet 4 the food consumption w as not appre- 
ciably greater than that of the lats on Diet 3, yet the inclusion of the essen- 
tial amino acids more than doubled the hver fat In the case of oldei rats 
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(Senes II) the food intake on the diffeient diets vaned only slightly and 
consequently disturbing effects due to this factor are less than in Senes I 
It IS interesting, therefore, that the results in Senes II parallel those m 
Senes I 

A comparison of the data for Diets 2 and 3 (Series I) reveals a markedly 
greater lipotropic effect of methionme when fed as free ammo acid than 
when admmistered in casein It is doubtful whether the 21 per cent excess 
methionine m Diet 3 will account for the large difference The effect is 
smular but less marked in older rats (Senes II) Comparison of liver fats 
resultmg from Diets 5 and 6 again shows that under these conditions free 
methionine is apparently more hpotropic than is the bound form Further, 
the data indicate that under these conditions the results are similar whether 
the casem-fed paired group maintams body weight (compare Diets 2 and 
3) or loses weight (compare Diets 5 and 6) There is, however, a difference 
between Diets 2 and 3, other than the condition of the methionme, and in 
Diet 4 an attempt was made to control this other vanable 

The results obtamed on Diet 4 are of particular interest The addition 
of very small quantities of four essential amino acids lackmg or deficient 
in Diet 3 (but present in Diet 2) has obliterated the superior lipotropic 
effect of free methionme over that of the ammo acid as it occurs m casern 
It IS possible that the increased efBciency of metabolism m the presence of 
these essential metabolites leads to a greater demand for labile methjl 
groups, thus lumtmg the supply available for lipotropic purposes Such an 
explanation is m accord with view’s repeatedly expressed by Griffith el al 
(17-19) Whatever the exqilanation, the data show’ clearly that when 
methionme, cystme, and essential ammo acids present m casern but absent 
from or deficient m gelatm are given as a supplement to replace the casein 
supplement added to the basal gelatin diet the level of liver fat m rats on such 
a diet approximates that of rats fed the methionme m the form of casein 

The above results demonstrate unequivocally that the hpotropic action 
of a protem cannot be attributed solely to the amount or ratio of methionme 
and cj'stme contained therem The nutritional value of the protem un 
doubtedly has a significant effect on its hpotropic action Furthermore, the 
possibihty cannot be dismissed that there may also be present one or more 
other ammo acids which exert positive or negative hpotropic mfiuences 
either directly or mdirectly Data recently reported by Channon, Jm Si 
and Platt (6) support this possibility 

It IS apparent that m order to accoimt for the lipotropic action of ^7 
protem or to get a real comparison of the relative hpotropic efficacy o ^ rre 
and bound methionme, or of any other ammo acid, one would Mve ^ 
know accurately the ammo acid content of the protem under stu y ^ 
prepare a control diet contammg aU of these m the same quanti les 
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■which thei' occur m the protein Few, if any, proteins have been analyzed 
wnth sufficient completeness and accuiacy to make such a rigid test possible 
On the other liand, attempts to approximate these conditions should give 
more accurate mformation than has been obtained by previous methods 
It was felt that the experiment should be repeated with synthetic essen- 
tial ammo acids in place of the crude fractions isolated from casern This 
procedure would mdicate whether the effect obtained was actually derived 
from the essential ammo acids supplied m the fraction isolated from casern 
or w'hether some unknown constituent of the crude fraction exerted an 
mfluence 

Four groups of ten rats each were given diets exactly as described for 
Senes I and II with the exception that Diet 4 contained the follo\vmg pure 
ammo acids* m place of the isolated mixtures 1 26 per cent dl valme, 0 26 
per cent d-isoleucme, 0 70 per cent df-thieonine, and 0 144 per cent Z-trypto- 

Tablb III 

Effect of Estcnlwl Amtno Aetds vpon Apparent Lipotropic Activity of Methionine 


Senes III (rat weight 120 to ISO gm ) The diets in this experiment are the 
same as desenbed in Table II except that in Diet 4 synthetic ammo acids replaced 
the natural mixture from casein fed in the earlier expenment 


Diet No 

Weifht change 1 

Food consumed 

Liver fat 

Per cent liver weight 

Per cent body weight 


ptr e<nt 

gm per rot per day 

i 


1 

-29 8 

6 8 

24 7 

1 35 

2 

-5 9 

8 9 

30 8 

2 50 

3 

-30 1 

S 5 

15 0 j 

0 73 

4 

-16 7 

6 4 

! 33 2 

2 35 


phane These quantities are approximately those believed to be contamed 
m an 8 per cent casein diet The animals w'ere kept on the diet for 25 days 
The findings (Table III), which are wholly m accord ivith those found m 
Senes I and II as far as effects on liver fat are concerned, confirm the im- 
portance of the essential ammo acids m a comparison of the lipotropic 
effects of different diets 


DISCUSSION 

The results show that the nature and level of piotem mtake affect 
markedly the Iivei fat of rats on high fat diets They reveal further that 
an important factor in this effect is probably the adequacy or otherw ise of 
the essential ammo acids m the diet These findings may help to resolve 

* Obtained from the Research Laboratories of the Eastman Kodak Company, 
Rochester, New York 
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the apparent discrepancies between the conclusions reached by Best and 
Ridout (7) and those of the group at Ann Arbor (3, 4) 

Best and Ridout (7) showed that casein (when fed as a 30 per cent supple 
ment to a basal diet containing 5 per cent beef muscle powder* as the pro 
tern) exerted a greater lipotropic effect than was obtamed with equivalent 
amounts of methionme and cystme They found that a 16 per cent casein 
supplement, which provided approximately 49 mg of methionme per rat 
per day, exerted about the same lipoti opic effect as a 0 5 per cent methionme 
supplement which provided 47 mg They noted, however, that at loner 
or higher intakes of the ti\o substances the effects were by no means 
identical 

Tucker, Treadwell, and Eckstein (3) used a basal ration contaming 5 
per cent casern which ivas supplemented m one senes ivith casern and in 
another with amounts of methionme and cystme equivalent to that con 
tamed in the piotem supplement They concluded that the lipotropic 
action of casern could be explained on the basis of the methionme and 
cystme contents of the diets These woikeis used casern as the only pro 
tern, and at levels of 15 and 20 pei cent, a range m which Best and Ridout 
had also found approximately equivalent lipotropic effects from free and 
bound methionme 

It has been reported (5, 7, 20, 21) that the lipotiopic action of methionme 
differs from that of casern m that, although lelativelj small dases produces 
significant fall m livei fat, further increases m the methionme supplement 
do not cause any further decrease in spite of the fact that 10 to 16 per cent 
(3 to 4 times the normal) fat is still present m the liver Adequate amounts 
of casern, on the other hand, i educe the liver fat further (5 to 8 per cent) 

It appears, therefore, that methionme requires some other constituent of 
casern to exert its full lipotropic effect In spite of these findmgs. Tread 
well, Groothuis, and Eckstein (4) mamtam that the lipotropic action of 
methionme as the free ammo acid is supenor to that of an equivalent 
amount of methionme in the form of the protein, casein 

The data m the present paper appeal to offer some explanation for the 
different results obtamed m assessing the magnitude of the part played bj 
methionme m accounting for the lipotropic action of casein The data 
obtamed from Diets 2 and 3 (Series I, II, and III) and Diets 5 and 6 (Senes 
II) appeared to support the views of Eckstein and his collaborators Hou 
ever, exact equivalence of methionme in the pairs of diets w-as not achieve , 
the diets supplemented wath free methionme contained 79 mg per 100 gaa 
of food excess of the free ammo acid The greater lipotropic action of t ese 

‘ This beet powder contains 2 90 per cent methionine and 0 89 per cent 
(3 19 and 0 97, respectively, corrected for moisture and ash) as determined by 
and Brand’s (12) modification ot Baernstem’s method (13) 
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diets might therefore be accounted for by this slight CM’ess of methionine 
That this IS not so, ho\\e\er, can be casilj'^ showm In Table I, diets con- 
taining amounts of methionine equi\n!cnt to those madvei tently fed in 
Diets 3 and 6 maj be found Data for such a comparison are presented in 
Table I\ 

A comparison of data from Diet 3 of Senes I, II, and III m ith those from 
Diet A-10, Mhich pro\ides about the same amount of methionine, reveals 
that the former cserts a slightly greater lipotropic effect Whether or not 
these differences are great enough to be of significance ma}' be questioned 
No doubt can be entertained, however, ns to the significance of the differ- 
ence between the data from Diet 6, Senes II, and the data from Diets A-7 


Table IV 


Effect of Dietary Methionine on Liver Fat 


Source of dau 

Protem 

Total methio- 
sme fo diet 

Liver fat 

Diet 2, Senes I 

Casein gelatin 

mg t<r 

100 gm 

376 


.< 2, 

11 


376 

20 3 

" 2, " 

III 


376 

30 8 

■' 3, " 

I 

Gelatin + methionine 

455 

14 4 

“ 3, ■' 

II 

fi ^ it 

455 

16 4 

“ 3, “ 

III 

it ^ << 

455 

IB 0 

" A 10 


Casein -f gelatin 

462 

18 6 

“ 5, Senes II 

M ^ << 

290 

28 9 

“ 6, “ 

« 

Gelatin -f- methionme 

329 

16 9 

" A 7 


Casein + gelatin 

333 

26 5 

" B7 


ii ^ a 

333 

27 4 


and B-7 Here free methionme is markedly more hpoti opic than an equiva- 
lent amount fed as casern 

A consideration of the liver fat levels obtained by feedmg Diet 4 of Senes 
f, 11, and III (Tables II and III) show's that any supenoi lipotropic efficacy 
of free ovei bound methionine has been completely obliterated by the 
inclusion of the essential ammo acids This effect is bi ought about pre- 
sumably by improving the nutritional value of the diet 

The casern-supplemented diets used by Tucker el at (3) and Treadwell 
el al (4) differed from the diets supplemented wuth methionme -b cystme 
by the amount of non-sulfur-contammg ammo acids m the casern supple- 
ment Hence their diets differed as did our Diets 2 and 3 (Senes I, II, 
III) The attempt to equalize the total N and essential ammo acid m- 
takes (Diet 4, Senes I, II, III) threw a new hght on the whole problem 
Their casein -supplemented diets, being more nearly nutntionally complete. 
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would be expected to lead to higher hver fat levels (c/ Gnffith el al (17-19)) 
The rats on these diets ate more and gamed more, as Treadwell et al men- 
tion They pomted out that the apparently greater hpotropic effect of 
free methionine might be explained by larger amounts of methionme re 
quired for the S3mthesis of tissue protem in the casem-fed group, creatmg a 
decrease in the amount available for hpotropic purposes and thus leading 
to higher liver fat levels The experimental data reported above give 
strong support to this e\-pJanation of their findings 

It IS possible that the results obtained by Best and Ridout (7) when feed 
ing high casern diets may be explamed by the fact that such diets supphed 
not only adequate amounts of groudh essentials hut apparently also an 
excess of methionme which in the presence of these essential metabolites 
■\\as able to exert maximal hpotropic action The possibility cannot be 
dismissed, however, of the presence m casern of other ammo acids or com- 
binations of ammo acids havmg hpotropic action 

As mentioned above, the evidence available to date indicates that free 
methionme, under the experimental conditions hitherto used, has a liimted 
hpotropic effect m so far as it wall not lower liver fat to the same extent as 
does an adequate amount of casein However, the hpotropic effect of free 
methionme vhen added to a basal diet contammg sufficient of the essential 
amino acids to permit maximal growth may equal that of an equivalent 
amount of casern Experiments along these Imes, covermg a wide range of 
dietarj casein, are already under nay m this laboratory and prelmunarj 
results confirm the findings reported above and also those of Best and 
Ridout (7) The discrepancy between the conclusions of the latter workers 
and those of the Ann Arbor group appears to be due to the different protem 
levels of the diets used The conclusions reached and explanations offered 
m the present paper appear to be substantiated by these latest studies, 
details of w'hich ivill be published shortly 

The writers are deeply mdebted to Professor C H Best for valuable 
cnticism and advice durmg the preparation of this paper The work was 
supported in part by a grant from the Banting Research Foundation to the 
Bantmg and Best Department of Medical Research 

SUMMARY 

1 It has been shoivn that certain essential ammo acids have a marked 
effect on the hpotropic efficacy of methiomne 

2 No significant difference was noted in the hpotropic effect exerted ' 
methionme when fed as the free ammo acid or m casein, provided the essen 
tial ammo acids were approximately equalized in the two diets 
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Chemical and functional changes m the organs of the body usually are 
attnbuted to the tissue components If this is a correct conception, not 
only the composition and functional capacities of all of the tissue phases 
should be knoira but also the quantitative measurements of the relative 
amounts of these phases Stimulated by these possibilities, numerous 
workers m the past few 3'ears have mtensively studied the partition of 
electrol3d;es m mammalian tissue Results of research on muscle, hver, 
kidney, and skm of the dog ha\nng already been presented, the delinmg of 
values for the distribution of water, nitrogen, and electrolytes m bram wms 
the aim of this project Utilization of these data for a comparison of the 
nght and left cerebral hemispheres and of the hemisphere and the cere- 
bellum also was planned These findings would provide normal mean 
values for further mvestigative study of bram 

There have been few histochemical studies on bram tissues Tupikova 
and Gerard (1) published an abstract m 1937 on the salt content of neural 
structures, Yannet and Darrow m 1938 (2) contrasted the composition of 
skeletal muscle, hver, and bram m tw'o groups of cats, a young group and an 
older group Stewart-Wallace (3) m 1939 presented water and electrolyte 
data on human bram tissue obtamed at autopsy Maneiy and Hastmgs 
(4) m 1939 published data on bram from rats and rabbits 

The present study mcludes analytical data on brams from tw'enty-two 
normal dogs apportioned as follows five normal animals m each of which 
the nght and left cerebral hemispheres were analyzed separately, five nor- 
mal animals from which portions of fresh bram and ether-extracted portions 
from the same bram were analyzed, and twelve normal dogs from which 
serum, hemispheres, and cerebellums were analyzed 

Procedures and Methods 

The normal dogs were kept under observation m metabohsm cages and 
mam tamed on an alternate meat and dog chow* diet for at least 3 to 4 weeks 
When used they were m excellent physical condition They were grown 
dogs of unknown age 

* Globe dog chow Blox 
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Blood was drawn under oil from the femoral artery and allowed to clot 
The serum ivas used for the analyses of pH, total CO 2 , chlonde, water, 
sodium, potassium, calcium, magnesium, and total nitrogen 
Immediately after withdrawal of blood, the bram ivas removed It 'nas 
our purpose to effect removal of the bram as soon after death as possible 
All craniotomies were performed under nembutal anesthesia In nine of 
the animals, the muscle and most of the bone were removed from the skull 
Invanably this procedure resulted in moderate to severe loss of blood and a 
gradual drop m blood pressure over a period of about 30 mmutes Toward 
the end of the operation theie vas usually massive bleedmg during the sub 
occipital exposure In this group of dogs the bram was completely re 
moved m from 2 to 20 mmutes after death Three dogs under nembutal 
anesthesia were killed by air embohsm In these the bram was removed 
ivithm 11 to 14 mmutes after death The bram was then wiped quicklj 
with gauze to remove adherent blood The bram stem and cerebellum 
were separated by section through the peduncles at the level of the supenor 
colhcuh and the cerebral hemispheres divided m the sagittal plane 
Each hemisphere and the cerebellum were placed m glass stoppered 
weighmg bottles and allowed to come to room temperature Each hemi 
sphere was weighed for total mass and then finelj’’ mmced with scissors 
Weighed ahquots were used for all analyses The procedure developed for 
weighmg the aliquots of wet bram was to place and weigh a filter paper 
(4 25 cm ) on a small watch-glass, then transfer a sample of wet minced 
bram to the paper from the weighmg bottle with a stamless steel spatula, 
weigh again, and then drop the paper with contents into the chloride tube 
or the Kjeldahl flask The mmced tissue was w’eighed directly mto the 
sihca beakers for the sodium and potassium determmations and mto the 
platmum dishes for the calcium and magnesium determmations 

The cerebellum with the bram stem was treated exactly m the same 
manner 

The followmg determmations were made on the hemispheres and cere 
bellum water, chloride, sodium, potassium, calcium, magnesium, an 
total nitrogen The chemical methods for these determmations were the 
same as those previously reported (6, 6) The approximate amounts 0 
the xvet bram used for the different determmations were as follows chlon e 
1 3 gm , total nitrogen 0 5 gm , sodium and potassium 8 gm , and calcium 
and magnesium 10 gm 

Results 

Regrettably, the analytical results could not be expressed on the 
fat-free tissue because the organic solvents used for the extraction 0 
free fat from the tissue also extracted large (and constant) amoun 
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other brain hpids and electrolytes These findings are shown in Tables I 
and II and were obtained by the following procedures The hemisphere 
and cerebellum were each placed in a large flat bottom glass-stoppered 
weighing bottle, minced w ith the tip of scissors, and dried to constant weight 
in a 102° men for 48 hours The dned tissues were first extracted with 
ether and then with low boiling petroleum ether (5) The tissues were 
dned in the oven again for an hour to remove organic solvents and w’eighed 
The tissue residue was smashed to a fine powder in the special apparatus 
desenbed m a prcMous work (5) Aliquots of the smashed tissue were 
then weighed on small filter papers (4 25 cm ) for the chloride and nitrogen 

Table I 


tl'alcr and Electrolyte Content of Brain Expressed in Units per Kilo after Ether 

Extraction 


Dog 

No 


HiO 

Fat ex 
traded 

ToUl 

N 

Cl 

Na 

K 

Ca 

Mg 



im 


gm 


gm 

mu 

mu 

mu 

mu 

mu 

B, 

Right hetruapberc 

8S7 

2 


3 

18 

76 


c 

35 

36 

70 

7 






Left " 

856 

D 


3 

18 

42 


R 

35 


70 

5 






Cerebellum 

856 

B 


8 

19 



S 









B, 

Right hemisphere 

855 

4 


5 

18 

i 


S 

34 

86 

68 

9 

1 

09 

4 

61 


Left " 

856 



4 

18 

69 


S 

34 

16 

70 

4 

1 

22 

4 

90 


Cerebellum 

853 



7 

18 

85 



31 


62 

7 





B, 

Right hemisphere 

857 

4 


7 

18 

22 


54 

35 

BB 

72 

5 






Left 

857 

5 


2 

18 

32 


59 

36 

26 

74 

7 

1 

10 

4 

91 


Cerebellum 

854 

0 

118 

4 

18 

73 



33 

76 

67 

3 





B. 

Right henusphere 

857 

8 

118 

8 

18 

58 



29 

[Tn 

66 

4 

1 

02 

5 

09 


Left 

858 

0 

118 

7 

18 

89 


26 





0 

98 

4 

52 


Cerebellum 

854 

5 

138 

5 

18 

79 



Eil 

66 

61 

7 





B. 

Right hemisphere 

851 

5 

106 

5 

18 

69 


33 

33 

26 

69 

0 

1 

07 

4 

77 


Left “ 

851 

0 

■ Ulil 


18 

88 


98 

33 

44 

69 

3 

1 

09 

5 

09 


Cerebellum 

845 

7 

124 

8 

19 

24 

33 

14 

33 


65 

6 






analyses and placed directly in silica beakers and platmum dishes for 
the sodium and potassium and the calcium and magnesium anal 3 ^es, re- 
spectively The data so obtamed are presented m Table I 
It became apparent at once that the ether and petroleum ether were 
extractmg some (constant amount) of the hpids Whether the hpids were 
talong mto solution any of the electrolytes had to be ascertamed Instead 
of analyzing the ether extracts, which is virtually impossible to do because 
of the high concentration of hpids m solution and the loss of ether by evap- 
oration, we earned out analyses on portions of the same fresh bram both 
with and ivithout ether oxtraction Table II gives the results of these 
determmations It is clear, therefore, that after ether extraction the con- 
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centration of electrol 3 ^es m the brain tissue was changed The organic 
solvents, ether and petroleum ether, had removed some of the brain hpidi 
which carried with them large amounts of chloride, sodium, potassium, and 
magnesium and small aiuounts of nitrogen and calcium These results 
are somewhat in keeping u'lth the findings of Christensen (7) vho shoued 
the dissolvmg pouer of petroleum ether solutions of phospholipids from 
eiythrocjdes and plasma for alkah halides 
Wbeiher ihe eonstsst emouats of ekciralytes removed are the ones 
associated inth myelm or whether they represent a physical phenomenon 
cannot be stated at this time These results prove that this method is not 
satisfactory for removing only the free neutial fat from biam tissue for 
electrolyte anal 3 rsis Therefore, the amount of free fat was not deter 
mmed Smce the total water content and consequently the total tissue 


Table II 

Comparison of Concentrations of Electrolytes in Fresh Hemisphere and the Hemispheres 
tifter Extraction vnth Ether 


Dog 

No 


Cl 

Na 

K 

Ca 





mu 

mu 

mu 

mu 



SSi 

Hemisphere* 

35 85 

50 8 

98 0 



K 


“ (ether)t 

28 00 

28 7 

63 3 



K \ 

ss, 

“ 

36 92 

61 1 

88 1 

1 23 


BE ! 


“ (ether) 

27 82 

30 0 

51 0 


4 27 

Br ' 

ss, 

l( 

35 70 

61 8 

88 6 


5 63 

EE 1 


“ (ether) 



65 4 


4 47 



* The units are expressed per lalo of fresh henusphere 

fThe units are expressed per kilo of fresh hemisphere after extraction nith 
ether 


sohds of brain were found to be constant, the free fat content must be 
constant in value Furthermore, it is well knoivn histologically that the 
amount of free neutral fat m normal bram is loiv 

Valtees for Right and Left Hemispheres — ^The results of the analyses of 
the right and left hemispheres from three of the five dogs are given m Tabic 
III It will be observed that the total mass, water, nitrogen, and electro 
lyte concentrations m the right and left hemispheres of the same amroa 
were approximately the same This findmg is not surpnsmg, for similar 
results have been found with other nght and left tissues The analyses 
of right and left kidneys (5) or nght and left testes, etc , give the same tofa 
mass and electrolyte concentrations These data indicate that the ng 
and left hemispheres of normal bram are alike m water, nitrogen, and e ec^ 
trolyte distnbution and therefore it is not necessary to separate them o 
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Table HI 

n'alcr and EUcIrolyte Content of Normal Right and Left Hemispheres of Brain 
The values arc given in units per kilo 


Dog 

No 

ncraUphtte 

Toll! 

weight 

It-0 

Cl 

Na 

K 

Ca 

Ms 

Total N 



tn 

tr. 


tfH 

m 

1/ 

nv 

mu 

mU 

rm 

B. 


6 

m 

760 

5 

36 

52 

48 

1 

98 

2 

0 

97 

4 

98 

20 

1 


Left 

6 

779 


El 

36 

39 

47 

7 

101 

2 

0 

92 

5 

01 

19 

4 

B„ 

Right 

6 

434 


El 

36 

05 

50 

6 

92 

4 

1 

12 

6 

59 

19 

0 


Left 

4 

518 

7W 

0 

36 

15 

51 

7 

94 

6 

0 

93 

6 

07 

18 

3 

Bi. 

Right 

6 

997 

703 

1 

36 

47 

51 

5 

97 

5 

1 

10 

6 

33 

18 

5 


Left 

7 

136 

760 

8 

37 

22 

51 

8 

97 

7 

1 

18 

6 

43 

18 

6 


Table IV 

Analyses oj Serum and Brain from Normal Dogs 


The values are given in units per kilo 


Dog No 


H,0 1 

Cl 

B 

K 

Ca 

Mg 

Total 

N 



tm \ 

fit AT 

fTJjf 

mu 

ww 1 

1 

nu ; 

gm 

B, 

Serum 

921 5 

109 8 

140 5 

4 80 

2 73 

0 87 



! Hemisphere 

760 5 

36 52 

48 1 

98 2 

0 97 

4 98 

20 1 


Cerebellum 

748 2 

34 56 

48 1 

1 95 6 



20 0 

B, 

Serum 

924 6 

111 3 

143 0 

4 61 

2 19 

0 88 



[ Hemisphere 

748 3 

35 24 

47 3 

90 1 

1 10 

6 00 

19 6 


Cerebellum 

731 8 

34 64 

50 7 

96 6 



19 5 

Bjo 

Serum 

920 4 

110 8 

146 7 

4 35 

2 69 

1 0 92 



Hemisphere 

767 0 

36 05 

60 6 

92 4 ! 

1 12 

6 59 

19 0 


Cerebellum 

749 0 

33 90 

62 1 

94 9 1 



19 2 

Bi, 

Serum 

912 2 

108 7 

I 143 8 

4 82 I 

2 43 

0 93 

1 


Hemisphere 

763 1 

36 47 

51 5 

97 5 1 

1 10 

6 33 

18 5 


Cerebellum 

743 3 

35 61 

61 9 

94 7 ! 



18 4 

SS, 

Serum 

928 8 

110 8 

139 0 

4 57 1 

2 41 

0 94 



Hemisphere 

754 2 

35 70 

51 8 

88 6 1 

1 05 

5 63 

1 18 5 


Cerebellum 

748 3 ! 




1 19 

5 22 

I 

ss, 

Serum 

934 4 

112 7 

142 7 

4 52 ; 

2 36 

0 85 


1 

Hemisphere 

770 8 1 

37 70 

51 8 


1 05 

5 62 

18 9 


Cerebellum 

747 8 




1 1 02 

5 82 1 

I 

Mean of 12 

Serum 

923 6 

108 8 

141 4 

4 66 

2 47 

0 95 1 

1 

dogs 

<r 

6 4 

4 4 

2 8 



0 08 

1 


Hemisphere 

761 3 

36 71 1 

51 0 

95 6 


5 63 

! 18 9 


<T 

8 3 

1 05 i 

2 4 

4 7 


0 56 

0 3 


Cerebellum 

745 0 

35 19 

50 8 

92 7 


6 40 

19 1 


cr 1 

7 0 

0 89 

1 7 

1 

4 0 


0 30 

0 5 


chemical analyses, though separate analyses are useful as reciprocal 
controls 
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Values for Normal Hemispheres and Cerebellums~The analytical data of 
si\ representative nonnal whole hemispheres, cerebellums, and serums 
are given m Table IV, together inth the mean values vuth standard de\ia 
tions for twelve normal brains The water and nitrogen content and the 
electrolj^te concentrations from all animals vere the most constant of anj 
tissues studied thus far The standard deviations were small m all deter 
minations of the tvehe brains 

Because the uater content of both the hemispheres and the cerebellums 
IV as lower than the vmlues reported bj' other mvestigators on maminahaii 
brain, several determmations made by our standard method of drj'mg the 
minced tissue for 48 hours at 102° were checked by drying the tissue for 9G 
hours The results were no different Determmations also were made on 
weighed mmced aliquots of tissue stirred with acetone to disperse the bram 
particles The acetone was then evaporated from the mixture and the 
contents dned at 102° for 48 hours Agam the results were unchanged 

It will be noted that m brain, as m other tissues, potassium represented 
the larger part of the univalent base and magnesium nearly all of the bi 
valent base The calcium value, 1 07 mM, ±0 07, was higher than antic 
ipated In skeletal muscle and liver, the values reported were 082 and 
0 83 nui, respectively, and smce these amounts of calcium could not be 
allocated entirely in an ionized form to the mterstitial fluid it w'as assumed 
that the calcium was combined with the connective tissue fibers m the 
extracellular phase In bram, the high* concentration of calcium further 
indicates that all of the tissue calcium in the interstitial fluid is not ionized 

DISCUSSION 

If the structure of all the tissues of the body were simple enough to be 
divided mto tw o phases, extracellular and intracellular, the relative v'olumes 
could be calculated from the serum and tissue composition as wms done for 
skeletal muscle by Hastmgs and Eichelberger (8) Bram, however, is a 
v'ery complex tissue compnsed of many different types of cells with vans 
tion m structure and function and for that reason cannot be treated m the 
same manner as the simple tissue, skeletal muscle 

That bram tissue reacts differently than the othei tissues of the body has 
been demonstrated bj numeious mvestigators In 1937, Wallace m 
Brodie (9) showed that mtravenously mjected iodides, bromides, or tbio 
cyanates did not enter the spmal fluid nor the bram tissue at the same m e 
or to the same extent as they were distributed from the plasma mto e 
other tissues In 1938, Amberson el al (10) demonstrated m their per 
fusion experiments that the retention of chlonde m nervous tissue , 
from other tissues Even W'hen plasma chlorides had been greatly re uce 
m concentration and as a consequence all tissue chlorides were re uc / 
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bram retained most of its ehlondc In 1911, Mancry and coworkers (11, 
12), working with injected radioactnc sodium and chloride, concluded 
that the extent and rate of penetration of these isotopes into tissues indi- 
cated with few exceptions the tissues in which these ions were all extra- 
cellular Brain was one of the exceptions 'lhe^ found that neithei 
ladioactne sodium noi chloride cnteicd the brain for long penods of time 
after injection Hiej could not decide wlietlici this dela3'ed entrance was 
because some of the sodium and chloiide was mtiacellulai or because there 
was a barrier between the blood and the extracellular phase of the brain 

In simple tissue, muscle, the total solid of the tissue represents mostly 
the protein of the tissue cells In bram the total solids lepresent not onlj' 
the protein fi action and the hpid fraction of the cells, but also the solid of 
the extracellular phase In brain there is onlj' about 0 3 per cent of con- 
nectne tissue (blood cessels) as detcimined b\ Lowij", Gilligan, and ICa- 
tersky (13), but there is piesent a complicated substance, mjelin This 
contains oiganic solids of lipids nth in nitrogen and pliosphonis and also 
the possibilitj of some extracellulai fluid (1) If this fluid is associated 
with the mj^clin, the extracellulai phase of bram cannot be assumed to be a 
smgle aqueous phase Quantitative interpretation of the analjdical data 
for bram into exact \ olumes of extra- and intracellular phases consequentlj'- 
cannot be made at this time It is possible, ne\ ertheless, to make some 
tentatne conjectuies 

The concentration of ions m a tissue gcneiallj' indicates the size of the 
phases in the tissue In muscle, foi example, the chlonde and sodium are 
confined to the extracellular phase, and potassium to the tissue cells In 
the complex tissue of brain the high concentrations of sodium and chlonde 
would mdicate a laige extiacellulai phase and, if all were extracellular 
the calculated extracellulai phase from the expermiental chlonde and so- 
dium would be 30 and 35 pei cent, respectivelj' Contranwise, if all of the 
sodium and chloride of bram were extracellulai and existed as an ultia- 
filtrate of the seioim, the ratio of sodium to chlonde in this phase should 
approximate the serum x'alue of 1 20 Instead, a ratio of 1 4 was found, 
indicating that all of the sodium and chlonde in bram is not extracellulai 
and that there must be some cells in ivhich the intiacellular sodium exceeds 
the mtracellular chlonde This findmg may be the result of the presence 
of myelin, whose definite composition is not known It is known histo- 
logically that the myelm sheaths surround the axones, but it has not been 
determined whether oi not these mjmlm sheaths aie associated with an 
aqueous phase having a high concentration of sodium and chlonde similai 
to that of the peripheral nerves of which the majority of fibers is mj’-elinated 
(1, 10) From the evidence it is reasonable to assume that it does 

The potassium values of 95 G mxi per kilo of hemisphere and 92 7 mM 
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per kilo of cerebellum are not different from those found m skeletal muscle 
(97 1 mil) This suggests that the intracellular phase of bram is similar 
to that of muscle if the concentration of this basic univalent ion is mdicative 
of the size of the mtracellular phase of a tissue At the same time, the 
concentration of magnesium was found to be 5 5 mii per kilo, n hich is about 
one-half that found in skeletal muscle (9 05 mai) These discordant paral 
lelisms make quantitative interpretation of the data unsatisfactory 

Separation of the brain into the cerebral hemispheres and cerebellum 
showed that the cerebellum as compared with the hemispheres was lower 
in watei and chloiide This denotes that the extracellular phase of the 
cerebellum is slightly lowei than that of the hemispheres Despite the 
complexity of brain tissue the data foi each part of the bram are most 
constant m their consistenc}' These results may piove useful for further 
experimental work on biam as control data, in view' of the fact that it is 
impractical to take contiol brain tissue from the expenmen tal animal 

SUMMARY 

1 Procedui es ai e presented for w ater and electrol 3 de analyses o* cerebral 
hemispheres and cerebellum 

2 Total water, nitrogen, and electroljde concentrations were determined 
in bram, which was removed by bilateral craniotomy from normal dogs 
For analyses the bram was separated into the cerebral hemispheres and 
cerebellum ivith the bram stem 

3 The right and left hemispheres fiom the same animal gave the same 
analytical results The hemispheres gave the followmg mean average 
results which are expressed as units per kilo of hemisphere total water 
761 3 gm , O' ±8 3, chlonde 36 71 mat, v ±1 05, sodium 51 0 mw, <r ±24, 
potassium 95 6 raai, a ±4 7, calcium I 07 mw, v ±0 07, magnesium 5 63 
mM, 0 - ±0 56, and total nitrogen 18 9 gm , o- ±0 3 The cerebellum with 
bram stem gave the following mean average results total water 745 0 
gm , tr ±7 0, chloride 35 19 niM, tr ±0 89, sodium 50 8 miu, <r ±1 7 , potas 
Slum 92 7 mir, <r ±4 0, calcium 1 07 mai, v ±0 07, magnesium 5 40 mMi 
cr ±0 30,nnd total nitrogen 19 1 gm , ? ±0 5 

4 Because the analyses of the hemispheres and the cerebellum following 
extraction of the dned tissue ivith ether and petroleum ether gave low 
concentrations of chloride, sodium, and potassium, the analytical resul ^ 
were not expressed m terms of fat-free tissue 

5 The analytical results are of value for further experimental wor o 
bram as control data, smce it is impractical to take control bram 
from the expenmental animal 
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PRODUCTION OF RIBOFLAVIN DEFICIENCY WITH 
PHENAZINE ANALOGUES OF RIBOFLAVIN 


D W WOOLLEY* 

(From the Lahoralonc^ of The RochefcIIer Institute for Medteal Research, h/cw York) 
(nccci\cd for publication, March 18, 1944) 

Since it vas shown rccentlv in this Inboiatoo (1) that the growth-in- 
hibiting properties of benzimida/olo were o\crcome b\ the aminopunnes, 
adenine and guanine, it was con«idcied of interest to determine whether 
the structural change involved in passing from the purines to benzimidazole 
was one of general appheabiht} for the production of inhibitory compounds 
Benzimidazole is derived from purine by substitution of the 2 N atoms m 
the pynmidine ring b^ C atoms In a consideration of vitamins and 
similar metabolites to which this structuial change might be applied, it 
was seen how the pjTimidme rmg m riboflai in might be e\changed for a 
benzene nng to bring about an analogous ehange The resultmg com- 
pound would be a substituted phenazme 

Several attempts were made to synthesize the lequiied dihydroxy- 
dimethylnbitj Idihydrophenazine but without success Impure prepara- 
tions of the related unhydroxylated compound weie obtained and found 
inhibitory of growth of certam bacteria However, the effects were not 
reversed by increased amounts of riboflavin, and hence were difficult to 
interpret 

A method for the synthesis of 2,4-diamino-7,8-dimethyl-10-nbityI-5,10- 
dihydrophenazme was then devised This substance proved capable of 
producing deficiencies of riboflavin in both animals and microorganisms 
The synthesis was based on the methods of ICehrmann and Messiagei (2) 
for the preparation of 2,4-dinitro-lO-alkyldihydrophenazmes 1-RibityI- 
ammo-2-amino-4,5-dimethylbenzene reacted with picryl chloride to yield 
the substituted diphenylamine (I) This was converted smoothly and 
easilj" to 2,4-dinitro-7,8-dimethjl-10-iibitjd-5,10-dihydrophenazme (II) 
which was then reduced to the desiied amine (III) The structural sim- 
ilanty to riboflavin (IV) is apparent 

The diaminophenazine caused mhibition of the growth of certain bac- 
teria, and this inhibition was removed by additional amounts of riboflavm 
With one exception the organisms w'hich were prevented from growing 
required riboflavin as a grow^th factor, and those species which weie not 
affected by similai quantities of the phenazme were not stimulated m 
growdih by riboflavin How ever, a sufficient^' large number of species and a 

* With the technical assistance of J BacLstrom and J Clifford 
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wde enough range of concentration of the phenazine were not i^d to make 
sweeping generalizations on this point Because of the instability of tae 
. ophenazine when exposed to am, it was found advisable to use tae 
, trophenazine and to reduce it in the culture medium by heating 
.elv divided iron Comparative tests with two species showed that when 
the dimtrophenazme was reduced in this manner it had a sii^ar ® ^ 
that of the pure diaminophenazme The dimtrophenazme itse 
inhibitory of the growth of bacteria 

The dinitrophenazine produced mild riboflavin deficiency 
fed to mice This condition was prevented by the feeding of arg 
of nboflavm The deficiency usually did not prove fatal, 
siderable amounts of the phenazine, and hence wm not as toma 
the case of thiamme deficiency pioduced by pynthiamine ^ 

The production of riboflavin deficiency by the t if 

Jotarvrtons o„ (D male, 

benzene rings are substituted for pyrimidine nngs in ^ 

founds .t be Poe»We *» oom 

traceable to the functional ehmmation of “ i ^ueral method 
pounds from certain processes At of sulfomc acid or 

of producing inhibitory compounds is ^ sulfonamides or 

amide groups for carboxyl groups as in the case 

thiopanic acid (4-6) cnnnt a naner appeared (7) whioh 

Durmg the preparation of m seveS bacteria by the 

described the production of riboflavin defic y 
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use of 6,7-dichloro 9-nbitylisoallo\azinc This compound was the same 
as riboflavin except that the methyl groups had been replaced by Cl atoms 
The alteration in the xntamm molecule was therefore fundamentally differ- 
ent from that produced in the present w ork 

E-O’ERIMEVTAL 

S-Ribtlylamiuo-/t ,5-dtmelhylphenyl-B' ,// ,6'-lnniirophc7iylamtne — 2 7 gm 
of l-ribitylamino-2-amino-4,5-dimethjlbenzene’ and 1 4 gm of sodium 
acetate were dissolved in 40 cc of 50 per cent alcohol, and to the solution 
were slowly added 2 6 gm of picryl chloride dissolved in 60 cc of alcohol 
After the two solutions were mixed, the browm suspension which resulted 
w'as shaken vigorously for an hour, and placed at 4° overmght I he 
broivn crystals w'cre filtered off and w’ashed thoroughly wath 50 per cent 
alcohol, and dried in vacuo Yield, 4 6 gm It was not possible to purify 
the substance because of the ease with winch it was converted into the 
dimtrophenazme Thus, recrystalhzation from alcohol yielded only the 
purple needles of the phenazine, m p 216-218°, wath decomposition 

8 .4- Dimtro-7 ,8-dimethyl-10-ribtlyl-6 flO-dihydrophenasme — 4 6 gm of 
the above diphenylamme, 6 gm of sodium acetate, and 200 cc of alcohol 
w ere heated to boiling for 3 hours The bi own color of the starting material 
gradually changed to a deep bluish purple After the reaction mixture 
had stood overmght at 4°, the crystals were filtered off and washed thor- 
oughly with alcohol, w'ater, and alcohol They were well formed deep 
bluish purple needles They were purified by recrystalhzation from ethyl 
benzoate Yield, 4 0 gm , m p 218-220°, wath decomposition 

CiiH!iOjN< Calculated, C 62 6, H 6 1, found, C 61 6, H 5 3 

Satisfactory analyses for N w ere not obtained smee determmations on the 
same matenal gave values ranging from 8 to 11 per cent The compound 
was insoluble in water and m many orgamc solvents, but was relatively 
soluble m acetic acid or ethyl benzoate It dissolved in 20 per cent HCl 
The addition of SnCh to the solution in 20 per cent HCl caused the color 
to change from purple to green 

8 . 4- I)iamino-7 , 8-dimethyl-l O-nbilyl-6 ,1 0-dihydrophenazine Hydrochlo- 
ride — -1 gm of the above dimtrophenazme was stirred into 25 cc of 20 per 
cent HCl, and then 2 gm of powdered Sn were added Stirring w'as con- 
tinued for 1 hour, and then the mixture was refluxed for an hour Tin was 
next removed by passing HsS mto the solution and filtermg off the precip- 
itate The yellow filtrate so obtained was concentrated under reduced 

' We wish to thank Dr H M Wuest of Ho£fmann-La Roche, Inc , for generous 
gifts of this compound, and Dr G M Shull of Chaa Pfizer and Company, Inc , for a 
gift of the azo derivative of this amine 
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pressure to dryness The residue n as dissoK ed in the muiimal amount of 
hot alcohol The solution was filtered, and half a volume of ether was 
added to the hot filtrate In this manner 750 mg of yellow -brown crj'stals 
were obtamed These crystals became very dark when exposed to air 

Ci,H ,N404 HCl Calculated C 55 6, H 6 6, N 13 7 
Found “ 54 9, “ 6 5, “ 13 7 

The compound w-as readily soluble m w ater and moderately soluble m 
cold alcohol When the compound which had darkened from exposure to 
air was dissolved in w ater, the solution appeared red-brown This color 
was reduced to yellow' by a crystal of Na-SA ■'i\Tien the 3 ellow' solution 
so obtained was shaken in au, the color quickly deepened The final color 
was more brow'n and less red than the ongmal 

Method of Bacterial Test — The nboflavin-free medium of Landy and 
Dicken (8) was used throughout this work For Staphylococcus aureus 
and hemolytic streptococcus H69D it was diluted w'lth an equal \olume of 
water Varying amounts of nboflamn and of the phenazine to be tested 
were added to 10 ce portions of tkemeiimm contained m 20 nm test-tubes 
The tubes were sterilized bj' heating in an autoclave for 15 mmutes at 15 
pounds pressure, cooled, and inoculated wth 1 drop per tube of a suspension 
of the cells of the desired organism The cells for the inoculum w ere washed 
three times and suspended in a \ olume of steiile buffer 50 times that of tlie 
ongmal culture The tubes were incubated at 37®, 01 at 30° for Strepio 
coccus laclis R and Lactobacillus arabinosus, until maximal growth was 
observed in the control tubes w hich contained nboflann as the only adden 
dum (40 to 70 hours) The pH of the contents of each tube was then 
deterimned with a glass electrode Because of the deep color of the phen 
azmes it w'as not possible to make comparisons of turbidity A curve was 
constructed wluch related pH to the quantity of phenazine added m the 
presence of 0 03 7 of nboflann per cc , and from this curve the amount of 
phenazine reqmred to cause half the maximal effect in the presence of this 
amount of nboflamn was determined This value seri'ed as a basis for 
companson of the various compounds and organisms 

Whenever the dimtrophenazme was to be reduced m the culture media, 
finely divided iron (reduced iron) was added to the media before the tubes 
were autoclaved The reduction apparently occurred durmg autoclai’ing 
Approximately 4 mg of Fe per tube w ere used When the diammophen 
azine was stenlized bj' filtration and added to the tubes after the} were 
autoclaved, it was found that no greater potency was observed than when 
the amine was added befoie autoclavmg, and hence it was concluded t a 
heat did not harm the compound under the conditions studied ^ 

Inhibition of Growth of Lactobacillus caset and Its Reversal by Riboflaiw 
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In Table I is show n the effect of various amounts of nboflavm and of the 
dimtrophenazine, tlie dimtrophenazine reduced m the tubes with Fe, and 
the diammophenazinc on the growth of Laclobacillus casei as measured by 
the pH of the cultures It can be seen that the reduced dimtrophenazme 
and the diaminophenazme had potencies of the same order of magnitude for 
inhibition of grow th, and that the dimtrophenazme was meffective Fur- 
thermore it can be seen that sufficient amounts of nboflavm completely 
abolished the effect of the phenazines 

Table I 


Effect of S ,i-Dtnxlro-7 ,8-dimelhyl-lO-Tibtlyl-S ,10-dihydTO'phenazine and Us Reduction 
Products on Growth of Lactobacillus casci tn Presence of Varying Amounts of 

Riboflavin 


Ribo0avin 

Dinitrophenazine 

Reduced dinitro* 
phenaxine 

Diaminophenazme 

pH of culture 

1 trr u 

0 0 

t per cc 

0 

ypcrcc 

0 

y per cc 

0 

6 9 

0 03 

0 

0 

0 

4 0 

100 0 

0 

0 

0 

4 0 

0 03 

0 

1000 

0 

7 1 

0 03 

0 

200 

0 

7 0 

0 03 

0 

100 

0 

6 2 

0 03 

0 

60 

0 

5 0 

0 03 

0 

SO 

0 

4 4 

0 IS 

0 

100 

0 

4 1 

100 0 

0 

200 

0 

4 3 

0 03 

1000 

0 

0 

4 1 

0 03 

0 

0 

400 

7 1 

0 03 

0 

0 

100 

5 4 

0 03 

0 

0 

so 

4 3 

100 0 

0 

0 

300 

4 3 


Effect of Pherumnes on Other Bacteria — In Table II are showu the amounts 
of the various preparations required for half maximal inhibition of growth 
of various bacterial species m the presence of 0 03 t of nboflavm per cc 
In each of the cases m which inhibition of growTh occurred, the effect was 
abolished by additional amounts of nboflavm The requirement of the 
vanous species for nboflavm as a growdh factor is also hsted, and it can 
be seen that with the exception of Lactobacillus arabinosus, only those which 
required nboflavm were affected by the phenazines 
Production of Riboflamn Deficiency of Mice vnth Dinitrophenazine — 
Weanlmg mice (9 to 11 gm ) were caged mdmduaUy on screen floors and 
fed a ration composed of sucrose 75 gm , casern (Labco) 18 gm , salts (9) 
5 gm , fortified com oil (10) 1 gm , thianune 0 2 mg , pyndoxme 0 2 mg , 
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calcium pantothenate 2 mg , mcotimc acid 10 mg , cholme 100 mg , and 
mositol 100 mg This diet, plus nboflavin, has been shoim to be adequate 
for mice (11) The basal control animals recened the ration plus nbo 
flavin The test mice m ere fed this basal ration supplemented ivith vaiyiag 

Table II 


Relative Effectiveness of S,4-Dinttro-7,8~dimcthyl-W-ribityl-B,10~dihiidrop}ienatine, 
Its Reduction Product Obtained with Reduced Iron, and Corresponding 
Pure Diaminophenazine in Inhibition of Growth of Various Bacteria 


OrBatjism 

Amount rctjuirtd for one fialf maximal 
inhibition 


Bmitropiiena 

xine 

Reduced 

dinitropheaia 

zine 

Dumi 

nopben 

axme 

Riboflavin 

Lactobacillus casei 

y per cc 

No effect 

y ptTcc 

SO 


Required 

Hemolytic streptococcus H69D 
Lactobacillus arabinosvs 

with 1000 

No effect 

330 

330 

160 

t! 

1 Not required 

Staphylococcus aureus 

Streptococcus laclis R 

Escherichia colt 

With 1000 

Ko effect 
mth 1000 

K « 

u it 


1 

tt tl 

II ft 

tt it 


Table III 

Effect of £,4-Dinitro-7,S-dimethyl-IO-ribityl-S,iO-dihydrophenazine and Corresponding 


Diaminophenazine on Growth and Survival of Mice 


Riboflavin 

Binitrophena 

zme 

Bixminophcna 

zme 

^0 of mice 

biO of de» tbs 

Average gam 

Ptr JOO in 
ratten 

mg per JOO gm 
ratten 

mg Per day 



gvt ptrvi 

0 os 

0 

0 

7 


2 3 

0 10 1 

0 

0 

9 

0 

3 3 

100 0 

0 

0 

3 


3 6 

HEM 

100 

0 

3 


1 I 6 


200 

0 

1 S 

1 

2 S 

5 0 

200 

0 

6 

0 

2 7 

1 2 

2 1 

100 0 

200 

0 

9 

0 

0 OS 

0 

1 0 

3 

0 


amounts of the dimtrophenazme, and others received the basal ration p 
the dimtrophenazme and mcreased nboflavm Fmally, some 
ceivedthe basal ration and in addition a solution of the diaranop en 
administered orally once daily The results are summamed m la 
It can he seen that the animals which received the dinitrophenazme gre 












D W WOOLLE\ 


37 


at a reduced rate, bdo those hich had the dimtrophcnazine and the addi- 
tional riboflavin in sufBcient amounts grew normally It is to be noted 
that large amounts of nboflavm were required to nullify the effect of the 
dimtrophenazine The dimtrophenazine underwent some change in the 
body, because the unne of the mice v hich received it ivas green The color 
vas presumably due to a reduction product of the phenazme 
Signs of nbofla\in deficiency other than reduced rate of growth consist 
of a greasy, unkempt fur, and hypenrntability The mice which received 
the dimtrophenazine were distmctly unkempt, and some of them were very 
hyperirntable as compared to the controls However, only an occasional 
animal died, and the signs were not as severe as those seen in acute defi- 
ciencies Sufficient amounts of nboflavm prevented the appearance of 
signs of the deficiency 


SUMMARY 

A structural analogue of nboflavm, 2,4-diammo-7,8-dimethyl-10-rib- 
ityl-5 , 10-dihydrophenazine, has been synthesized by a senes of reactions 
and showm to produce nboflavm deficiency m bacteria, and the dimtro- 
phenazme from which it was denved has been shown to produce mild 
nboflavm deficiency in mice The effects of the compounds were over- 
come by sufficient amounts of nboflavm 
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STUDIES ON ANIMAL DIASTASES 

VI THE DETERiMINATION OF DIASTASE (AMYLASE) IN BLOOD 

Br VICTOR C MYERS, ALFRED H FRED, and ETHELREDA E ROSINSKI 

(From the Department of Btochemtstry, School of hfcdtcine, Western Reserve Untverstly, 

Cleveland) 

(Received for publication, Februarj 14, 1944) 

In 1917 M 3 'ei's and Killian (1) described a method of estimating the 
diastatic actmtj’' of blood in tiliich soluble starch i\as incubated inth 
o\alated whole blood and the reducing sugar formed determined ■mth the 
modification of the Lei\ is-Benedict picric acid technique described by Myers 
and Bailey (2) 

Somogyi has cnticized this method in a publication in this Journal (3) 
He stated 

“The trouble iii these methods consists in the lack of standardization of impor- 
tant factors such ns hjdrogen ion concentration and electrolyte content, which are 
known senouslj to influence diastatic activity Even the fundamental requirement 
of establishing proper relationships between enzyme actnity and the amount of 
substrate is disregarded in some instances Mjers and Killian for example employ 
with 2 CO of plasma 10 mg of starch, a quantity which is far from sufficient As 
Sherman and his associates have shown ns early as 1910, a proportionality between 
enzyme activity and copper-reducing pow or prevails only w hen a very small fraction, 
no more than 5 to 6 per cent of the starch, is converted into reducing sugars (expressed 
as maltose) My ers observed wnth his method conversions up to 40 and 60 per cent, 
expressed as glucose, which in terms of maltose equals 60 to 90 per cent These are 
excessively high values in view of the fact that 80 to 85 per cent is regarded as the 
upper limit of diastatic starch conversion {Grenzdexlrin) Under such conditions 
no quantitative relationship can exist between reducing power and enzyme activity, 
and the results obtained are erroneous The inadequacy of 10 mg of starch as sub- 
strate IS even more obvious in abnormal cases (acute pancreatitis) in which 2 cc 
of human blood plasma are capable of producing as much as 50 mg of reducing sugars 
(‘maltose’) in 15 minutes ” 

Soraogyi (4, 5) has repeated these cnticisms ivithout piesentmg any 
expenmental data to support them, and has not referred to a paper by 
Myers and Eeid (6) in which some of these points were fully discussed 
It tvill be evident from the discussion which follotvs that Somogyn’s criti- 
cisms are erroneous, and furthei that Somogyi’s otvn digestion mixture 
(3) suffers from the senous deficiency of bemg essentially unbuffered 

A satisfactory method for the determination of the diastatic activity of 
blood should be based on criteria that satisfy the followang questions 
(1) Should whole blood or serum (or plasma) be used? (2) What is the 
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best substrate? (3) What is the optimum concentration of substrate? 
(4) What IS the optimum pH range, and how can this be mamtamed? (6) 
What is the optimum NaCl concentration in the digestion mixture? (6) At 
what temperature and how long should the mcubation be earned out? 
(7) How can the enzyme action best be stopped and the blood proteins 
precipitated? (8) How may the reducing sugar formed by the enz 3 Tne 
action best be determined? (9) Do the conditions selected give a linear 
relationship over the range of values usually encountered? (10) Are the 
values reported intelligible to one unfamiliar with the method employed? 

These questions ivill be discussed and answered briefly mth special refer- 
ence to the Myers-Killian method and a modification of this method which 
18 presented in the present report 

Observations and Discussion 

Use of Whole Blood, Serum, or Plasma — ^At the time the Myers-ICilhan 
method was described it ivas customary to carry out all blood analyses on 
oxalated whole blood whenever possible Recent studies of the distnbu 
tion of diastase between cells and plasma by Margaret Read* m this labo 
ratory and by Bernard and Rosen (7) have mdicated that the diastase of 
whole blood is contamed almost entiiel}' in the plasma Read has shown 
that the diastase of whole blood is approximately 60 per cent of that of 
serum or plasma It would thus seem best to employ serum oi plasma for 
the determination The principal advantage in using serum is that vans 
tions m cell volume, and hence in the amount of plasma in a given volume 
of whole blood, are eliminated We have studied cases o seveie anemia 

I noted that w'hereas whole blood diastase appears to be somewhat 

vo,ted the values obtamed wnth serum are quite normal However, it 
should be emphasized that measurements on whole blood are quite ade 
quate for most purposes and that diastase values on w'hole blood when 
compared with normal figures on whole blood reflect increases or decreases 
in diastase 

Selection of Substrate — If blood diastase does play any i61e in carbohj- 
drate metabolism, the substrate involved is most hkely glycogen, so that 
an ideal substiate for blood diastase determinations would be glycogen 
Howevei, since essentially the same results are obtained wath soluble 
starch (1), it can be satisfactorily employed instead of glycogen J' ® 
present time we employ Lintner’s soluble starch (Merck) which is a r^di J 
available preparation We have made several studies ivith both bloo 
diastase and w'lth duodenal contents (8), which indicate that differen 
lots of this starch give comparable values and that the results agree w 
those obtamed with Small’s (9) soluble starch which we have employed m 
many of our studies (6, 10) 

* Bead, M R , unpublished observations 
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Concenlralton of Substrate — In any enzyme measurement it is essential 
to provide an adequate excess of substrate, such that in the penod of 
reaction the equilibnum is not attamed This point has recently been 
discussed by the authors (11) One of Somogyi’s (3) pnncipal criticisms 
of the Myers-ICilhan method is that an inadequacy of substrate is provided 
A paper of Sherman, Kendall, and Clark (12) is cited by Somogyi in which 
he states tliat these authors consider that a proportionality between enzyme 
activity and copper-reducing power prevails only w'hen no more than 5 or 
6 per cent of the starch is converted into maltose Careful study of the 
paper by Sherman et al reveals that no such statement was made and 
furthermore there are no data presented by them to indicate how far the 
proportionahty exists On the other hand Myers and Reid (6) presented 
data (their Fig 2) which mdicated that the amount of reduemg sugar 
was proportional to the enzjme concentration over a range of values which 
encompasses essentially all the figures which have ever been reported from 
the semor author’s laboratory We are w ell aw are of the fact that when 
high values are encountered a reduced amount of blood must be used in the 
enzyme measurement in order for the values to have any significance It 
so happens that m none of our studies did we encounter patients with 
pancreatic disease showing markedly elevated diastase values (13) Data 
were presented on tw'o cases of carcinoma of the head of the pancreas in 
our first paper (1) and shortly thereafter determmations were made on 
four additional cases of carcinoma of the pancreas and three cases of pan- 
creatitis, the highest reduction found bemg 4 8 mg , all the deterimnations 
bemg well inside the hnear relationships of the method We have earned 
out mvestigations of blood diastase in dogs and m all of these studies only 
0 2 cc of blood was used (6), smee the amount of diastase in dog blood is 
very much greater than that in human blood At the present time the pnn- 
cipal climcal usefulness of determmations of blood or serum diastase 
appears to be m the diagnosis and prognosis of acute pancreatitis (11, 14) 
Smee one expects to find markedly elevated figures for blood or serum 
diastase m this condition, we feel that in the revised method w'hich we are 
descnbmg m this paper 50 mg of substrate are to be preferred to 10 mg 
However, it is equally accurate to employ 10 mg of substrate and to re- 
peat with decreased amounts of serum those determinations m which more 
than 5 mg of starch are converted to reducing sugar 
Optimum pH — The optimum pH for blood or serum diastase ivill vary 
^ghtly dependmg on the environment m which the diastase functions 
•1 general the zone of optimum pH is in the range of 6 8 to 7 6 In the 
ongmal Myers-Killian method (1) no buffer was employed, smee it was 
elt that the blood itself should afford a good buffenng effect to the diges- 
lon mixture Recently we have reinvestigated this pomt by companng 



42 


diastase in blood 


the diastatic activity of blood as measured in the Myers-ICillian method 
inth the diastatic actmty of the same blood v hen buffered at various pH 
values from 5 4 to 8 4 inth phosphate buffer The results of such studies 
show that at the outer limits the amylolvtic activity is greatly decreased, 
whereas in the range around pH 6 8 to 7 6 good digestion occurs Fur- 
thermore the activitj of unbuffered vhole blood shows as great an amylo 
lytic activity as any of the buffered samples However, if one uses 1 cc 
of serum rather than 2 cc of whole blood in the digestion mixture, the pH 
of the mixture increases to above 8 0 and in this instance the unbuffered 
serum mixture does not give nearly as good an activity as serum buffered 
at pH 7 2 In their studies on pancreatic amjdase Sherman, Caldwell, 
and Adams (15) found that the optimum pH was close to 7 2, and Free 
and Myers (8) made the same observation on duodenal contents 3 cc of 
0 2 m phosphate buffer of pH 7 2 stabilize the pH at 7 2 and the di 
gestion imxtuie is buffered against either acid or alkali On the other 
hand the buffer used by Somogyi (3) contains 3 cc of 0 1 n HCl and 10 
gm of NaCl in 1 htei and 2 cc of such a solution are used in his di 
gestion mixture It ivould appeal that the amount of HCl present in the 
digestion mixtuie ivould have little if any effect in compensating foi any 
loss m CO 2 from the plasma 01 seium Expeiimental measurements vith a 
glass electiode indicated that Somogyi ’s digestion mixtuie had approxi 
mately the same pH vhethei 01 not the HCl-NaCl mixtuie vas present, 
namely, pH values of 8 0 to 8 3, pH figures winch in oui hands may reduce 
kthe diastatic activity as much as 50 per cent Fuitheimore the mere 
^ssage of alveolai air (supplying CO 2 ) through Somogyi’s digestion mix- 
jRire caused changes in pH to values of 7 1 to 7 4, v hereas in our phosphate 
buffer-digestion mixtuie alveolar air caused no change in pH It is evi 
dent, therefore, that i\hen seium (or plasma) is used it must be buffered to 
secure a umform and maximum diastatic activity 


Sodtum Chloride Conccnti alton tn Digestion Mixture — Below a certain 
concentration of sodium chloride in the digestion mixtuie the extent of 
amjdolysis is 1 elated to the amount of sodium chloride piesent Slvers 
and Flee (11) shoved for pancreatic amjlase in duodenal contents that if 
the NaCl concentration in the digestion mixture was less than 0 012 v 
the activity of the amylase vas seriously affected In the Mj'ers an 
Killian method the amount of whole blood used v as 2 0 cc , v hich can e 
expected to contribute enough chloride to gne in axerage concentiatioji 
of 0 018 M On the othei hand m a digestion mixture of 10 cc m v ic 1 
there is only 1 cc of senim the molarity of NaCl is around 0 010, v uc is 
below the critical level Therefore it v ould appear desirable to add sodium 
chloride to digestion imxtures of 10 cc xmlume vhen only I cc o 
S' bufn S«r.s of 10 cc m wh.ch 2 co of .hole blood were p«eeht 
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the addition of NaCl would be unnccessarj We have experimentally 
established tint the addition of NaCl to diastase digestion mixtures such 
as are employed m the Myers and Ixilhan ipethod does not increase the 
cnzjTnc activitj , v hcreas addition of NaCl to serum digestion mixtures in 
which the niolantj" is onlj 0 01 M causes a real increase in activity of the 
enzjTne 

Time and Temperature of Incubation — The time of digestion and tem- 
perature emploj ed in determinations of blood or scrum diastase appear to 
be quite arbitrary In tlie Mj^ers-Iullinn method a 15 minute digestion 
period was employed, wath 40° as the temperature It would appear that 
an mten'al of 15 minutes for digestion is still qmte satisfactory 40° has 
been extensively used as the temperature of incubation and since all normal 
and abnormal values from this laboratory are defined on this basis it seems 
desirable to continue 40° as the temperature of incubation 
Termination of Enzyme Action and Precipitation of Protein — To detei- 
mxne enzyme activity accurately it is necessarj' to have some method of 
effectively stopping the action of the enzyme at the end of a designated 
mtenal Picnc acid, which was emploj^ed bj' M 3 'ers and Kilhan (1), 
18 an ideal substance for this purpose, smee it requires only a few seconds 
to saturate a solution wnth dry picnc acid and m such a saturated solution 
of picnc acid, diastatic (or amyloljdic) activity is completely inhibited 
Furthermore the picnc acid effectively precipitates all of the proteins of 
blood or serum, so that the filtrate can be employed directly for the sugar 
determination Such a filtrate is quite stable and may be set aside, if 
desirable, and the sugar determinations earned out at one’s convenience 
Somogyi (3) has indicated that his copper-tungstate precipitation of the 
protem does not fully stop diastase action and that these operations must 
be earned out without undue delay 

Determination of Reducing Sugar in Diastase Digests — The pnncipal 
end-product of starch digestion with diastase is maltose or some product 
that is readily converted to maltose by the common procedures employed 
its determination In the Myers-KiUian method, picric acid reduction 
was employed m the estimation of the amount of maltose formed as a 
result of amylolysis It is realized that there are those who object to the 
use of picnc acid as an oxidizing agent m the detemunation of sugars, but 
heir objections appear to be founded on prejudices rather than facts It 
has clearly been shown by a number of investigators, mcludmg Pucher 
und Pinch (16) and Myers and Reid (6), that the copper methods such as 
ose of Fohn and Wu and Shaffer and Hartmann give only about half 
^ much reduction with maltose as does the picnc acid method, whereas 
e Hagedorn- Jensen femeyamde method gives only shghtly lower figures 
uu the picnc acid method Apparently maltose is fairly completely 
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hydrolyzed with the pionc acid and ferncyanide methods but Dot wth the 
copper methods Maltose gives appro'omately 85 to 90 per cent as much 
reduction of picnc acid as does an equal amount of glucose, whereas the 
copper methods give only approximately 40 to 50 per cent as much re- 
duction with maltose as with glucose The statement by Somogyi (3) 
that 40 to 60 per cent reduction expressed as glucose equals 60 to 90 per 
cent maltose may be true with his copper method but certainly is not true 
when picric acid is employed to measure the reduction Somogyi (5) has 
further indicated his lack of information regarding the nature of the reac- 
tion between picric acid and maltose by stating that Myers and Killian 
have reported results “ which indicated a yield of reducmg sugars, 
computed as maltose, greater than could possibly be obtained if all of 
the available starch had been split into maltose ” 

Relation of Enzyme Concenlrahon to Amount of Amylolysis — ^Myers and 
Enid (6) have shown that the Myers and Killian method of determming 
blood diastase gives a proportionality between the amount of enzyme and 
the amount of reducmg sugar formed Sompgyi (3) has not produced any 
data showing a proportionality between enzyme concentration and amount 
of reducmg sugar formed m his method 
To secure added information on this point determinations of diastatio 
activity were earned out on the serum of thirty-four normal human sub 
jects with the modified picnc acid method described below, except that the 
ongmal 10 mg of soluble starch substrate were employed Simultaneous 
detenmnations were also made with the Somogyi method In each of the 
methods 1 cc of serum was employed to suppy the diastase, but despite 
the fact that the mcubation penod with the picnc acid method was only 
half as long as mth the Somogyi method, the average amount of reducmg 
sugar detenmned with the picnc acid method was 35 per cent greater 
than that obtained with the copper method (average 1 42 mg in compen 
son with 1 05 mg ) If one ehrmnates one case in which high values vere 
obtained with both methods, the range of values for the two methods cal 
ciliated m mg per 1 0 cc of serum used was 0 70 to 2 17 by the pmne 
acid method and 0 45 to 1 64 by the Somogyi procedure, thus giving m^ns 
which are the same as the averages given above It is apparent therefore 
that 10 mg of soluble starch are an entirely adequate substrate for 1 cc 


of normal human serum j * and 

Fig 1 shows the relation between concentration of serum diastase 
reducmg sugar formed m the modified method presented in this pa^ 
It will be seen that up to 16 mg the amount of reducmg sugar ® " 
proportional to the enzyme concentration It is only very rarely 
would encounter activities above this in acute pancreatitis 

Sfethod of Expressing Results— Most enzyme methods record the enzym 
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activities m some kind of units Myers and ICillian ongmally took as the 
diastatic activity the percentage of 10 mg of soluble starch converted to 
reducmg sugar by 2 cc of whole blood Somogyi has taken the mg of sugar 
formed by 100 cc of blood plasma Observations on the method descnbed 
in this paper indicate that wnth 1 cc of serum the values obtamed are essen- 
tially the same as those obtained inth 2 cc of whole blood in the Myers- 
Kilhan method and for practical purposes may be considered comparable 
Smce at the present time a vanety of methods are employed and each 
method has its oini unit, it is quite difficult to compare results obtamed 



1 Relation of enzyme concentration to enzyme activity Variations in 
eniyme concentration were obtained by mixing varying ratios of human serum and 
nog serum 1 cc of serum was used in all cases The abscissa represents the ap- 
proximate relative amount of enzyme that n ould be contained in 1, 2, 3, etc , cc of 
normal human serum 

by different mvestigators For this reason and m order to facilitate chn- 
leal interpretation, Myers and Free (11) have suggested a method whereby 
the normal average enzyme activity is expressed as 100 per cent With 
conditions adjusted to furnish a hnear relationship it is very simple to 
express the enzyme activity in terms of 100 taken as the normal by multi- 
plying the value obtained by a factor On 57 normal human subjects the 
average diastase reduction observed for 1 cc of serum by the method de- 
scribed below was 1 82 mg By multiplying this value by the factor 55 one 
obtains 100 per cent as the normal average result Multiplymg any other 
diastase value, expressed m mg of reducmg sugar per cc of serum by this 
^ne factor 55, will give the value as a percentage of the normal average 
■fnus if a patient has a serum diastase that produces 3 95 mg of reducmg 
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sugar per cc of serum under the conditions of the method, then 3 95 X 55 
= 217 per cent, or the level of diastase is 217 per cent of the normal aver- 
age We believe that from the standpoint of the clinician this is the sim 
plest way of expressing activities 


McUwd 


Reagents — 

1 per cent soluble starch solution, prepared by suspendmg exactly 1 gm 
of soluble starch (Merck, according to Lmtner) in 5 cc of cold water in a 
150 cc beaker and then adding about 90 cc of boiling water The starch 
should dissolve and the solution is then boiled for exactly 1 minute, after 
which it IS made up to 100 cc in a volumetric flask This solution should 
be refrigerated if it is to be used for more than 1 day With refrigeration 
the solution can be used about 2 weeks Hon ever, after 2 or 3 days the 
starch becomes cloudy and in this case the flask contaimng the starch 
should be heated for a few seconds in a boiling nater bath until the solution 
becomes clear 

0 2m phosphate buffer of pH 7 2, piepared by dissolving 7 62 gm of 
anhydrous potassium dihydrogen phosphate and 20 45 gm of disodium 
hydrogen phosphate in water to give a total volume of 1 liter 
0 5 m sodium chlonde solution 
Dry picric acid of reagent quality 

Standard glucose solution, prepared by dissolving 200 mg of pure glu 
:ose in 1 liter of saturated picnc acid solution, thus giving 0 6 mg of glucose 
ler 3 cc of the standard 
Saturated sodium carbonate solution 

Procedure — 5 cc quantities of soluble starch are pipetted mto two 20 X ISO 
mm test-tubes and to both tubes are added 3 cc of 0 2 M phosphate buffer 
of pH 7 2 1 cc of 0 5 M NaCl solution is added to each of the tubes and 

the tubes then placed in a constant temperatuie nater bath main tamed at 
40° One of the tubes serves as a blank (Tube B) and the other tube (A) 
is the one m which amylolysis is allowed to take place After the tubw 
have reached the temperature of the bath, 1 cc of serum is added to Tube A 
and digestion allowed to proceed for exactly 15 minutes, after which time 
about 0 5 gm of dry solid piciic acid is added and the tube thorougmv 
agitated m order to insure saturation of the solution mth picnc acid 
eqmvalent amount of dry picnc acid is added to Tube B and^fer satura- 
tion 1 cc of serum is added, and the tube again agitated The ad lo 
of the serum after saturation ivith picnc acid prevents any amylolysis in e 


^'Sh tubes are ateied and 3 cc of filtiate from each aie measured mto 
Myers-Bailey sugar tubes along with 1 cc of saturated sodium carbons 
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3 cc of the standard glucose solution arc measured into a third Myers- 
Bailey tube along ^Mth 1 cc of satuiated sodium carbonate The tubes 
are all boiled m a ^\ater bath for 20 minutes, after nhich they are cooled, 
diluted to 20cc ,and read in a photoelectric colorimeter uith a filter having 
a transmission maMmum of 520 mp A \isual colonmoter can leadily be 
used but m this case it is desirable to dilute the standard to 10 cc rather 
than 20 cc and to dilute the digest and blank so that their color is of the 
same order of magnitude as that of the standard 
In order to calculate the amount of reducing sugar produced by 1 cc of 
serum the follomng formula can be used, 

R D 10 

g X — X 0 6 X — = mg of reducing sugar formed by 1 cc serum 

In this formula R is the color density of the unknovTi, S is the color density 
of the standard, D is the dilution of the unknoivn, and SD is the dilution 
of the standard This calculation is also used for the blank and the ^ alue 
obtained is subtracted from the value obtained for the digest The rela- 
tion to the normal activity in terms of 100 may be obtained by multip^’ing 
by the factor 55 


SUMMARY 

The blood diastase (amylase) method of Myeis and I^ilhan, which was 
designed for ivhole blood, has been modified foi use with serum or plasma 
and provides optimum sodium chloride, buffer (pH), and substrate concen- 
trations With this method it is possible to determine accurately serum 
or plasma diastase over the lange found in normals as veil as to measure 
accurately subnormal concentrations and the very high values sometimes 
encountered in acute pancreatitis 

The advantages of employing picne acid lather than copper as an o\idiz- 
mg reagent m the practical determination of the sugar formed by amylolysis 
in blood have again been discussed With picric acid the reduction m 
terms of glucose is moie than twice as great as w ith copper foi the apparent 
reason that maltose is hydio^'zed and the figuies thus obtained give a bet- 
ter percentage index of the amount of the staich digestion Furthermore 
a simple single reagent is employed w hich sei \ es not onlv to determine the 
sugar foimed, but also to stop the amylolj'sis and precipitate the proteins 
An added advantage is that the coloi foimed (sodium picianiate) is stable 
and may be read at one’s leisui e 

From a technical standpoint the method is extremely simple and requires 
n nunimum of reagents, techmeal skill, and time, but provides an accuracy 
uhich exceeds that obtamed b}’^ most other currently emplo 3 md methods 
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When ceUulose, soluble starch, and glycogen are dissolved “ 
momum hydroxide solution, copper-carbohydrate 
which exhibit highlevo optical rotation There are, 

Bde polysacchandes nhich do not show this behavior a low 

sacchande isolated from the seaweed Lamtnono f ^ 

dextrorotation The dexdran produced by Leuconosloc 
a dextrorotation m nater, but a small levorotetion m 
hydroxide solution The polysacchande recently isolated ^ 

Petemon. and Riker (1) from Phytomonas tumefaaens ^hf^Se 
rotation m water, but a high dextrorotation m cuprammomum hydroxide 

The first three polysacchandes mentioned are ®XM^Len 

pyranoside umte Imked through the 4 position SrS 

shown by Barry (2) to mvolve linkage of glycopyranoside ^ 
the 3 position The Leuconosloc dextran has been m 

terer, and Stacey (3) and by Fan-head, Hunter, m e 

composed of glucopyianose umte approximately 90 Tinlvsac- 

hnked through the 6 position The linkage m t e y . ^ 

chande has not yet been established by chemical me o , o ’ , 

be shown that the optical behavior of this polysacc an e ^7' , 
cuprammomum solution prompts a prediction that it is comp 
of ^ucose umts Imked through the 2 position 
Methyl 4-methylglucoside has free hydroxyl groups arranged m the same 
spatial configuration as cellulose and the 4-lmked um 0 , 

glycogen irhas already been observed (5) that the opticd ac^ty of 
methyl 4-methyl-/3-glucoside resembles that of cellulose cnlntion 

shown that the remarkable levo shift in rotation m cuprammom 1 

IS not mfluenced by substitution in the 6 position, but requir^ that poBtioM 
2 and 3 be unsubstituted It is m agreement with the spec a 10ns 

workers (6) to conclude that the 4-lmked polysacchan es rese 

‘This IS one of four regional research j^mstration 

Agricultural and Industrial Chenustry, Agricultural Researc 
United States Department of Agriculture 
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substituted glucosides by forming copper complexes mvohung hydroxyl 
groups in positions 2 and 3 of the glucopjTanoside umts 
The /S-methjiglucosides of 2-. 3-, and 6-methylglucose i\ere prepared in 
order to examine their optical behamor in water and cuprammonium 
hj di oxide solutions These lesults together with those obtauied with the 
4-meth>I compound are given in Table I When the optical rotation in 
watei was compared with that in cuprammomum solution, it was found 
that the latter caused little change in the rotation of the 3-methyI com 
pound, a modeiatelj large dextro shift m the 6-methyI compound, while in 
the 2-methj 1 compound a targe dextro shift approximately equal in inagni 
tilde to the Icvo shift of the methjl 4-methjlglucoside was produced 
In Table II are gii en the optical rotations of a number of polj saccharides 
in aqueous and cupi ammonium hydroxide solution The specific rotations 

Table I 


Optical Rotation of Glucosides in Water and Cuprammomum Hydroxide Sohilion 




1 Optical rotation 



Mil, 

Ml 



itpeu 

ittuts 

Methxl 3 methyl p glucoside 

Cupra 

+9S5 

+201,900 


Water 

-69 

-14,400 

" 3 methjl p-glucoside 

Cupra 

-86 



Water 

-46 

-9,600 

“ 4 methyl p glucoside 

Cupra 

-1008 

-209,700 


Water 

-36 


“ 6 roethj'l p glucoside 

Cupra 

+161 



Water 

-48 



are multiplied by the weight of each glucosidic umt to give a value which 
maybe compaied with the molecular rotation of the substituted glucosides 
Smee it IS impossible to dissolve native cellulose in w ater, a degraded cellu 
lose w'as dissolved in an aqueous solution of tnuiethylbenzylammonium 
hydroxide (tnton B) Cellulose of high xiscosity was emplojed for toe 
cuprammomum solution Although starch was reported by Schweirer 
(7) to be insoluble m cuprammonium solution, a soluble starch prepara ion 


dissolved without difficulty . 

The optical rotation of a glucoside m water or cuprammonium h> on 
solution IS to a considerable extent determined by the a or d configuratw 
around the glucosidic carbon atom However, in several mstances i 
been obsetxi that the shift in rotation due to the formation of wpper 
Ltonmg complexes is approximately the same for glucoside pairs differing 
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onl}’- m regard to the a or /3 configuration In a companson of the optical 
beha\'ior of glucosides with that of polysacchandes it seems proper to use 
the difference or shift in molecular rotation caused by formation of the 
compIe\ instead of the specific or molecular rotations In Table III these 
shifts for the polysaccharides are compared vith the shifts for the substi- 
tuted glucosides It tnll be seen that the 4-hnked polysaccharides and the 
4 substituted glucoside show a large Icvo sluft in rotation, the 3-hnked 
polj saccharide and the 3-substituted glucosides show' almost no change in 
rotation, and the Phytomonas pol 3 'sacchnride resembles the 2-substituted 
glucoside m showing a large de\tro shift in rotation 


Table II 

Optical Rotation of Polysacchandes tn Aqueous and Cuprammontum Hydroxide 

Solution 


SubsUcce j 

1 


Optical rotation 


r 

Hie 


Cellulose 

1 

Cupra 

deltas 

"1200 i 

degrees 

-194,400 


Water triton B (1 1) 

-46 

-7,500 

Starch (soluble) 

Cupra 

-715 

-115,800 

Glycogen 

Water 

-1-375 

+60,800 

Cupra 

-697 

-96,700 

Laminann 

Water, containing NaCl 

4-366 

4-69,300 

Cupra 

4-34 

4-5,500 


Water 

-29 

-4,700 

Polysaccharide from Phytomonas tu 

Cupra 

4-960 

4-155,600 

mefaciens 

Water 

-23 

-3,700 

Dextran from Leuconostoc dextram- 

Cupra 

-128 

-20,700 

cum 

Water 

4-297 

4-48,100 


The optical beha\aor of the 6-hnked dextran does not closely resemble 
that of the 6-methylglucosides Smee the polysacchande is more levo- 
rotatory than the glucoside, a part of the difference could be explamed by 
the existence of a small proportion of Imkages through the 4 position similar 
to those found by Levi, Hawkins, and Hibbert (8) m the dextran from the 
related orgamsm Leuconostoc mesenteroides A second explanation of the 
difference might be as follows When the hydroxyl groups on carbon 
atoms 2, 3, and 4 are free, it is possible that tw'o different complexes of high, 
but opposite, optical activity may be formed It has been observed that 
the complex mvolvmg the 2 and 3 hydroxyl groups would be highly levo- 
rotatory, while that mvolvmg the 3 and 4 positions might be highly dextro- 
rotatory In Solution an equihbnum between the two complexes would be 
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expected and the nature of the groups attached to the glycosidic carbon 
atom and to carbon atom 6 of the pyranose nng might mfluence the optical 
behavior by favonng one complex above the other Wide differences were 
actually encountered among the 6-methyl methylglucosides, a- and 
methylglucosides, methyl £)-xylosides, and levoglucosan, all of which 
possess the L, D, L configuration for hydroxyl groups 2, 3, and 4, respec 
tively 

It appears that the optical activity of copper-carbohydrate complexes 
can be used as a rapid means of classifying glucose polysaccharides, and m 
certain cases valuable information regarding structure can be obtained 

Table III 


Shift tn Molecular Rolalton Due to Copper Complex Formation 


Substance 

IMl ”, (cupral-[M]J{, (wale. 

Methyl 2 methyl p glucoside 

dtgrea 

+219,300 

Phytomonas polysaccharide 

-M69,200 

Methyl 3-methyl p glucoside 

-8,300 

“ 3 methyl-a,^ glucoside 

-400 

Laminarin 

+10,200 

Methyl 4-methyl p glucoside 

-202,200 

Cellulose 

-186,900* 

Starch (soluble) 

' -176,600 

Glycogen 

-156,000 

Methyl 6 methyl p glucoside 

-H3,600 

" 6-methyl-o:,p glucoside 

-HO, 400 

" a glucoside 

+24,400 

“ p glucoside 

+26,000 

Levoglucosan <1,5> <1,6> 

-2,800 

Methyl a D-xyloside 

-25,700 

“ p D xyloside 

-31,200 

Leuconosloc dextranicum dextran 

-68,800 


* [MIJS, (cupra)— [M1J|« (water tntonB) 

It IS possible that upon further refinement the method may become useful 
as an indication of the puntj' of polysacchandes, or as a test for bran 
mg, or for more than one type of Imkage 


experimental 

The magnitude of the rotation of complex-formmg substances is d^ 
nendent upon the relationship between concentration of copper ^ 
Sate To keep this ratio constant all observations were made on 
Smoximately 0 03 m glucoside solutions or on 0 5 per cent 
SoTm cV— um hydroxide solution containing approximately 
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0 24 mole of copper per liter Aqueous solutions of similar concentrations 
were emplo 3 'ed for comparison 

The cuprammonium hydroxide solutions contamed 15 gm of copper, 240 
gm of ammoma, and 1 gm of sucrose (9) or glycerol per hter The sucrose- 
containmg solution had an optical rotation of -fO 09° (Hg blue line, 0 5 
dm ) vhich vas subtracted from all readings when this solution was used 
The raercur^’^ blue hne (436 m/i) nas isolated for aqueous solutions by 
Coming Filters 511 and 038 For cuprammomum solutions only Filter 038 
IS required, since the longer wave-lengths are completely absorbed by the 
solution The source of light w ns a General Electnc high pressure mercury 
arc All observations w ere made m a Gaertner polanmeter with 0 5 dm 
tubes for cuprammonium solutions and 1 or 2 dm tubes for aqueous solu- 
tions 

Methyl 2-methyl-^-glucoside was prepared from crystalhne 2-methyl- 
glucose by the procedure of Oldham (10) Mp 94-95° (corrected), 
[a]? = -37° (HiO) 

Methyl 3-methyl-/5-glucoside was prepared from crystalhne 3-methyl' 
glucose by the procedure of Oldham (10) The meltmg point of the tn- 
henzoate was 132-134° (corrected), a value higher than the 125-126° re- 
ported The rotation of the tribenzoate was [«]“ = -f 16° (CHClj), and 
of the free glucoside [«]“ = —27° (HjO) A mixture of methyl 3-methyl- 
«- and ^-glucosides, = -f223° (HjO, c = 0 6), -1-221° (cupra, c = 

0 6), was prepared by deacetylation of the tnacetate The tnacetate was 
prepared by boiling 3-methyIdiacetoneglucose for 24 hours in methanol 
contaimng 3 2 per cent hydrogen chloride, evaporating to dryness in vacuo, 
and acetylatmg the product The acetate was punfied by distillation at 
190-195° at 2 mm pressure 

Methyl 4-methyl-/3-glucoside tnacetate, m p 107-108° (corrected), from 
the collection of the late Dr P A Levene was dissolved and deacetylated 
simultaneously m the cuprammomum solution The aqueous solution was 
prepared by dissolvmg the crystals m a sbght excess of warm n sodium 
Hydroxide and neutrahzmg wnth dilute acetic acid after sapomfication was 
judged to be complete The aqueous solution contained approximately 

1 per cent sodium acetate 

Methyl 6-methyl-/3-glucoside solutions were prepared in the manner 
escnbed abovq from the crystalhne tnacetate which was prepared accord- 
uig to the directions of Helfench and Gunther (11) The free glucoside 
^ve an optical rotation of [a]“ = —27° (HjO, contaimng 1 per cent 
aOAc) Methyl 6-methyl-a- and jff-glucosides were also prepared by 
re uxing 500 mg of crystalhne 6-methylglucose m 20 ml of methanol 
contaimng 1 per cent dry hydrogen chlonde for 2 5 hours After removal 
a acid with ethereal diazomethane the solution was evaporated to chyness 
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and the residue distilled m a micro subhmation outfit at 150° and 0 05 mm 
[“]436 = -{-132° (HjO), -{-326° (cupra) 

Analtjsis CsHijOj (20S) Calculated, OCHj 29 8, found, 29 5, 29 3 

Samples of methjl a- and ^-Z)-\yIoside, methyl a- and j3-glucoside, and 
levoglucosan having melting points in agi cement with values given in the 
literature weie employed The optical rotations of these substances arc 
given in Table IV 

A sample of polysaccharide from Phylomonas lunefactens iias kindly 
supplied by Professor W H Peterson This material has been shoira to be 
composed of glucop 3 Tanose units (1) The sample for lotation u as dried 
in a vacuum at 100° [afj = —11° (HjO) 


Table IV 


Optical Rotation of Certain Substances with D Line and Hg Blue Line 


Substance 

Sol\ ent 

1 Specific rotation (25 } 

D line (589 nvi) 

I Hg blue tme nv) 



degrees 

' degrees 

Methyl « D \yloside 

1 Water 

+355 

4-295 


! Cupra i 


+13S 

“ p D xylosido 

Water 

-60 

-127 


Cupra 


-317 

" a gluooside 

Water 




Cupra 


4-432 

“ p glucoside 

Water 


-62 


Cupra 


467 

Levoglucosan 

Water 

-65 

-127 


Cupra 


-144 


Laminann ii as prepared from Laminana digitata collected in the early 
summer of 1939 at the Manne Biological Laboratory, Woods Hole, Massa 
chusetts The method of isolation has been described by 
The rotations were calculated upon a moisture-free basis [alo = ■" 
(H2O) 

Cellulose in the form of cotton fiber was purified by e\traction ivi 
alcohol and 1 per cent sodium hydro\ide solution This matenal 
for the cuprammomum solution Before being dissolved m tnton 
purified cellulose ivas partially hydrolyzed by heatmg for 1 hour m a a'® 
bath at 100° with n hydrochloric acid, filtered, Hashed, and dne 
tiiton B solution of cellulose was diluted with an equal volume 0 vr ’ 
and centrifuged to remove a slight turbidity Rotations were ca cu 
upon a moisture-free basis [a]? = -16° L Horror 

Soluble starch was prepared according to the , r -ej to 

and Sandstrom (13) The cuprammomum solution was centn 
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remove a slight cloudiness The rotations w ere calculated upon a moisture- 
free basis 

Glycogen was dncd to constant weight at 100° in a vacuum The 
aqueous solution was prepared bj' dissohnng the glycogen in n sodium 
hj drovidc and adding an cqun alcnt quantitj of hydroclilonc acid [a]“ = 
+184° (HjO containing 3 per cent NaCl) 

A sample of the dextran sjmthcsized b 3 the action of Leuconostoc dex- 
trameum upon sucrose solution was kindl 3 ' supplied b 3 '' Professor Harold 
Hibbert The matenal formed a gel which dissolved slowly in cupram- 
monium The solutions were centrifuged to remove a trace of insoluble 
material The rotations were calculated upon a moisture-free basis 
[a]“ = +151° aW) 


SUMMARl 

It has been found that the four possible monomethyl /S-methylgluco- 
pyranosides show' wndel 3 ' different optical behavior when dissolved m 
cuprammonium h 3 'dro\ide solution 

The optical actu'it 3 ' of methyl 2-methyl-;ff-glucoside m water and 
^prammomum so closely resembles that of the polysacchande from 
Phytomonas lumefaciens that it is suggested that this polysacchande is 
exposed of glucop 3 'ranose umts linked chiefly through the 2 position 
The optical behavior of a 3-lmked polysacchande and several +lmked 
polysacchandes is similar to that of the correspondmgly substituted 
methyl glucosides 

The shift in the optical rotation of glucop 3 Tanoside polysacchandes upon 
emg dissolved m cuprammomum hydroxide solution may be used to 
c assify glucose polysacchandes and may m certam mstances furnish m- 
onnation regarding the structure of the polysacchande 
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THE TRYPTOPHANE AND TYROSINE CONTENT OF PEANUT 

PROTEINS* 

W L BROWN 

(F rom the Department of Chcimstri/, Georgia Agricultural Experiment Station, 

Experiment) 

(Received for publication, Februnri 25, 1944) 

The feeding experiments of Baernstein (1) vnth peanut piotems indi- 
cated that conarachm v\ as a complete protein foi gi ou th in j oung rats, but 
that arachm was deficient m tri’ptophane as well as in methionine In 
view of the lack of agreement on the tryptophane content of the peanut 
proteins, as shovvn bj’’ the results of Jones, Gersdorff, and hloeller (2), and 
those of Milone and Everitt (3), who used modifications of the May and 
Rose method (4), on the one hand, and those of Kotasthane and Narayana 
(5), who used the Folin and Marenzi method (6), on the other, it was felt 
that this discrepancy should be clanfied Looney (7) expressed lack of 
confidence m the results obtamed by most of the methods foi tryptophane, 
especially when the May and Rose method was used Shaw and McFar- 
lane (8) show'ed that by the May and Rose method erroneous results were 
obtamed and confirmed the reliability of their modification of the glyoxylic 
acid method (9) 

experimental 

The arachm and conarachm used w'ere the preparations leferred to m an 
earher paper (10) Jones and Horn (11) found 40 5 per cent crude protem 
(N X 5 5) m an od-free peanut meal Repeated extinction of the meal 
With 10 per cent sodium clilonde solution gave an extiact containmg 87 
per cent of the total crude protem Examination of this extiact mdicated 
the presence of arachm and conarachm to the extent of Gl 2 and 21 5 pei 
cent, respectively, of the total crude protem This is eqim^alent to 25 and 
8 7 per cent of arachm and conarachm, respectively, based on the weight 
of the oil-free peanut meal 

In a report from this Station (12) it has been shown that the protem of 
oil-free unheated peanut meal can be dispersed m water up to the extent of 
from 80 to 93 per cent of the total crude protem Of this protem dispersed 
m water, from 80 to 88 per cent may be piecipitated by saturatmg the 
solution With carbon dioxide This easily prepared protem preparation, 
which should be comparable to peanut total globuhn m composition, is 
convement for use as representative of the total peanut protem 

Sound, clean, shelled peanuts of Stram 177-23 (Phihppme White X North 

Published with the approval of the Director as paper No 122, Journal Senes 
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Carolina Runner) were ground and extracted with petroleum ether Prac 
tically all of the seed-coat was removed by screemng The oil-free meal 
contained 43 5 per cent crude protein The water-dispereible protein 
was prepared by stirnng 1 part of this meal with 30 parts of distiUed water 
for an hour Then the supernatant solution was centnfuged and filtered 
A few ml of ether and toluene w ere added to prevent foaming and bactenal 
decomposition After the protem solution was saturated with carbon 
dioxide, it was stored m a closed contamer overnight The supernatant 
liquid was decanted and rejected The remammg protem was separated 
by centnfugmg, w as then mixed inth water saturated with carbon dioxide, 
and stored at 5° overnight After the protem was separated agam with 
the centrifuge, it was dried with alcohol and ether m the usual manner 
Water-dispersible peanut protem prepared m this w ay was found to contain 
0 33 per cent ash on a moisture-free basis, and 17 46 per cent of nitrogen 
on an ash- and moisture-free basis Exammation of this protein by the 
method of Palmer, Smyth, and Meyer (13) mdicated that it contained 
0 16 per cent hexosamine 

Glyoxyhc Acid Method — The earhest estimations of tryptophane by the 
glyoxyhc acid method m this laboratory were not entwely satisfactory 
Shaw and McFarlone observed (9) that when certam samples of concen- 
trated sulfunc acid were employed a yellowush brown color developed m the 
blank determmation Several reagent grades of sulfunc acid were tned, 
but none w as entirely satisfactory Distilhng the acid m the first apparatus 


that was used ivas not satisfactoij 

Prehmmary expenments indicated that very small amounts of mtrates 
or nitrites might be responsible for the difficulty It w as foimd that in the 
presence of free tryptophane m the blank determmation a yellow broim 


color was produced by traces of either nitrates or mtntes Moreover, a 
similar yellow-brown color was not produced when alkalme solutions df 
unhydrolyzed protems were used m place of the standard tryptophane 
solution Smce the cahbration curves are prepared with standard solutions 
of free tryptophane, this mtroduces a senous source of error In additiM, 
it was found that very small amounts of either nitrates or mtntes 
the amount of blue color developed with both the free tryptophane and < a 


solutions of unhydrolyzed protein 

The mfluence of nitrates, nitrites, and ammoma on the recovery of lyp 
tophane in the glyoxyhc acid method is illustrated m Table I 
acid used was a very pure sample of redistilled acid obtained from e 
Baker Chemical Company ‘ Eaton* found “in ! 

contammg a trace of nitrate, nitric acid could not be detected wi P 

amine until more than half of the acid had been distilled " 


> Courtesy of G B Hafer and F C Eaton 
* Eaton, F C , personal communication 
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For redistiUation a 6 liter Yoe conductivity ■water still which had a double 
vapor trap w as used The upper part of the flask, the side tube, and vapor 
trap were covered with asbestos paper to minimize radiation To 4 5 
liters of acid for Kjeldahl analysis in the distilhngflaskw ere added, to prevent 
bumping, a few pieces of alundiim which had been treated with hot sulfunc 
acid, nnsed m distilled water, and then calcined The first 125 ml of 
distillate were rejected Three fractions of 1780, 660, and 280 ml , respec- 
tively, were collected All three of the fractions gave good blanks and 
were entirely satisfactori 

In Table II are shown the results obtamed on peanut protems for tiypto- 
phane by the glyovjdic acid method (9), and for tyrosine by the method of 

Taulf I 

Influence of Ntlralcs, Nilnles, and Ammonia on Recovery of Tryptophane 
The amount of nitrate, nitnte, or ammonia ion was added as a standard solution 
of sodium nitrate, sodium nitntc, or ammonium sulfate before the volume was 
adjusted to 2 ml and the copper sulfate, gljo'rylic acid, and 5 ml of sulfuric acid 
added 


Wtjghi of nitrate nitrite 
or atnmonia added 

Tryptophane recovered after addition of 

Nitrate 

Nitrite 

Azunonia 

mt 

per cent 

1 

per cent \ 

per cent 

0 

100 

100 1 

100 

0 002 

98 6 



0 005 

98 6 

87 4 


0 01 

73 1 

44 3 


0 02 

28 2 

5 5 

98 8 

0 04 


0 

1 

0 05 



101 2 

0 10 



99 4 

0 15 



1 98 8 

0 20 

j 


[ 98 8 


Fohn and Marenzi (6) as outhned by Block and Bolhng (14), but adapted 
for use ivith the spectrophotometer The transmission was determmed at 
k 540 and 520 rap for tr 3 ^tophane and at X 480 rap for tyrosme with a 
Coleman No 11 spectrophotometer Included for comparison are the 
^f^sults foimd by several other mvestigators 
Eckert Method — In order to check further on the tryptophane content 
of the peanut proteins, the method of Eckert (15) was used The protems 
Were hydrolyzed with 5 x sodium hydroxide under a reflux at 125° At the 
^d of the period of hydrolimis, and while the solution was hot, enough 12 x 
l^ochlonc acid was added to neutralize the alkah and make the solution 
1 2 X in hydrochloric acid, when diluted to the required final volume The 

ydrolysate was treated ■with 400 mg of kaohn per 100 ml of hydrol 3 ^te, 
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centnfuged, and filtered through drj^ filter paper From this point on the 
method n as the same as that of Eckert, except that it n as found to be 
essential to determine the factor for the color produced by trjiitophane each 

Table II 

Comparison of Tryptophane Results by Several Methods, and Tyrosine Content of 

Proteins 

Corrected for moisture and ash 


Protein 

Ammo acid 

Author 

1 

Rotasthane 

aod 

Naroyanat 

Results ol 

Jonw 

Gers 

dorff 

&nd 

iloeUeTi 

Milooe 

&ttd 

E\eritt^ 

Holiday 



per cent* 

per cent 

per cent 

per cent 

per cent 

Arachin 

Trj ptophane 


0 66-0 69 


1^ 



Tyrosine 

5 68 

5 43-5 69 




Conarachin 

Tryptophane 


0 93-1 07 

2 13 

1 I 78 



Tyrosine 

2 86 

3 09-3 23 




Total globulin 

Tryptophane 


0 58-0 66 

IE!II 




Tyrosine 


4 80-5 48 




Water dispersible pea- 

Tryptophane 






nut protein 

Tyrosine 






Casein 

Tryptophane 

1 035 


•> 2 

2 44 



Tyrosine 


1 



6 45-7 5 


* Averages of several determinations 
t Prepared from tn o vaneties, local and Spanish 
t Prepared from Virginia peanuts 
§ Labco vitamin free casein 


Table III 


J'ryptophanc by Eckert Method 


Corrected for moisture and ash 


Protein 

Length of hydrolysis 

6 hrs 

7 hrs 

24 hrs 

1 Mlrs 

Arachm 

Conarachin 

Water dispersible peanut pro- 
tein 

Casein 

per cent 

0 66 

0 72 

0 77 

1 02 

per cent 

0 76 

per eent 

0 74 ] 

0 70 

0 82 

Per cent 

1 0 70 

0 71 

0 82 


tune determinations of tryptophane m protems were 

mission at X 560 mp was deternuned wth the different 

results for the tryptophane content of the protems hydro y 

lengths of time are shown m Table UI 
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DISCUSSION 

It IS endent that nitrates and nitrites must be e\cluded from both the 
reagents and tlie proteins m hen the glj'oxj he acid method is used for the 
determination of tr\’ptophanc If this precaution is e\ercised, the glyoxjdic 
acid method appears to be as icliable as it is convenient 
The Eckert method for triptophane confiims the tiyptophane lesults 
found by the glj'oxjhc acid method m all cases except vith conarachin 
The results for conarachin obtamed bv the Eckei t method are obviously 
erroneous, although it is not possible to give an explanation at this time 
With this method the lesults found neie not aluaj’s precise 
The tryptophane results found for casein by both the glyoxyhc acid 
method and the Eckert method agice mth that found by Holiday (16) by 
ultranolet spectrophotometry It appears that the p-dimethylbenzalde- 
hyde method for the estimation of tryptophane gives erroneous results 
It IS probable that there is little difference m the composition of the pro- 
tems prepared from different strains of peanuts The peanut protein 
prepared by dispersion in water may' prove to be comparable to total glob- 
iilm in composition 

SUMMXBX 

Nitrates and nitrites, if present in sulfunc acid to the extent of 0 0001 
per cent, mterfere ivith the determination of tryptophane by the glyoxylic 
acid method A satisfactory' grade of sulfunc acid can be obtained by 
distilhng the acid in a conductivity water still 
The results are given for the tryptophane and tyrosine content of the 
peanut protems 
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5 mJ of 10 per cent tnchloroacetie acid, served as the solutions for anab-sis 
The phosphate and trichloroacetic acid nere present, since the expen 
mental solutions ivere originally derived from work with the fish principle 
Howexer, numerous experiments demonstrated the presence of these sub 
stances to be mthout influence on the inteiference measured 
Fiom the total volume of 10 ml , 2 ml were transferred to small mouth 
50 ml centnfuge tubes contammg 3 m! of nater and 5 ml oftheMelnick 
Field alcohol-phenol mixtuie 10 ml of the diazotized p aminoaceto 
phenone reagent ncre added, the colored complex subsequently being 


Table I 


Initrference mtk DtazoU:ed AvttnoacHophenone Reaction for Thiamine 


Compound 

CoDceotratjoQ 

'nimniiic ^aloe 

Mercuric chlonde 

mohs per 1 X iO* 

1 0 

per cent ej it&niari 

0 

Silver nitrate 

10 0 

0 

Sodium tungstate 

10 0 

0 

Potassium ferncjanide 

10 0 

0 

Hydroxylamine 

10 0 

0 

Hydrogen sulfide 

Excess 

4 0 

Cysteine 

10 0 

26 2 

Iodine 

10 0 

62 0 

Sodium oxalate 

1 0 i 

91 2 

" fluonde 

1 0 

92 I 

j-odoacetic acid 

1 0 

92 1 

Sodium sulfite 

20 0 

94 3 

Potassium cyanide 

10 

94 3 

Sodium pyrophosphate 

10 0 

96 3 

Feme chlonde 

I 0 

96 5 

Zinc chlonde 

1 0 

9T B 

Acetone 

Excess 

9S 8 

Arsenious acid 

10 0 

100 

Malonic acid 

10 0 

100 

Cupric sulfate 

1 0 

101 

Tliinmme concentration, SOX 10'* M 

.. . 

— — - 


extracted mth 10 ml of xylene and the color read in the Hett-Summers 
photoelectric tolonmetei wth the No 52 filter For standards ol com 
panson, thiamine solutions of the same composition nere used, excep 

tlie mteifenng chemicals nere omitted M,.trated m 

The results obtained noth the compoimds (he 

Table I, m which are represented the concentra ion 

resultant comparison with the thiamme standard I cisteinc 

Sto metals, temo,™.de, hjtoxylamme, hyd^J 

"rodm the eeeatest elleet lodme m somewhat less eteeWe 
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other compounds produce onI\ \cr 3 httio or no effect m the concentra- 
tions used 

That the interference encountered is a function of the relative concen- 
tration of the interfering compound and thiamine is illustrated in the case 
of mercuric chloride in Fig 1, in which the amount of color derived from 
tbamine is plotted against concentration of the mercur 3 compound The 
same relationship has been obsen cd in the case of each of the substances 
influencing the reaction, as is further illustrated in the i alues obtained w ith 
cia,teine (Table II, second column) 



Tio 1 The effect of increaaing mercuric chloride concentrations on the thiamine 
value 5 ml of 6 X 10“* Jt thiamine containing the proper amount of mercuric 
chloride were used Each value is the average of tu o to five determinations 

The mechanism of the resultant production of deci eased coloi is not 
®ntirel 3 ' cleai in each case, although suggestions mai be made mceitain 
instances Foi e\ample, the reduced coloi value obtamed inth 0 02 m 
sodium sulfite ma 3 piobabl 3 ^ be explamed on the basis of the well known 
destruction of thiamme b 3 '' sulfite Concentrations of this reagent which 
permitted complete ieco'ver 3 r of thiamme under the usual conditions 3 nelded 
significantl 3 r lower values when the nuxtures w ere meubated for 2 houis at 
37 5 , as w ould be expected if the above explanation is the coiTect one 
The tnchloi oacetic acid was added immediately aftei the incubation and 
the deteiinmations were made wnthout dela 3 Table II shows (hat not 
only did the increase in temperature dpciease the thiamine recoien, but 
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also that the decrease is proportional to the sulfite concentration On the 
other hand, in the case of cysteine the incubation treatment did not mate- 
rially alter the values obtained at room temperature 
- The mterference obtained with mercunc chloride and with iodine may 
be assumed to be of a different type, for each of these reagents is known to 
precipitate thiamme from solution Although no visible precipitation oc- 
curred, it IS hkely that the complexes were formed and that they are of such 
a nature as to prevent coupling with the diazotized p-ammoacetophenone 
Support for this view-pomt is available m the findmg that the addition of 
mercunc chlonde after the addition of the diazotized reagent is without 


Table II 


Sodium Sulfite and Cysteine Interference 


ConcentniUoti 

TbiAznlae value* 


1 Uolncubated 

1 Incubated 

Sodium sulfite 

moUs fieri X JO* 

fier cent of slandoti 

fier uni ej standard 

20 0 

34 3 

74 7 

10 0 

102 

87 1 

5 0 

101 

89 7 

2 0 

100 

92 0 

1 0 

101 

93 2 

1 0 5 

103 j 

96 6 

0 2 

99 

96 0 

Cysteine 

10 0 

26 2 

28 4 

1 0 

83 8 

89 4 

0 1 

100 

93 8 

0 01 

100 

95 4 


* Unmeubated, 2 boura at room temperature, incubated, 2 hours at 37 6°, iminedi 
ately pnor to the addition of tnchloroaeetic acid and analysis 


Significant mfluence on the color obtained The same amount of mercunc 
chlonde added ]ust piior to the addition of the reagent produced the usua 
mterference, as may be seen by companson of the values m Table HI 
Smee the thiazole portion of the thiamine molecule is responsible for e 
formation of the colored complex with the Prebluda-McCoIlum reag^ > 
the effect of mercunc chlonde on the color obtained with j-methj P- 
hydroxjethylthiazole methiodide' was determined It is evident from 
values m Table IV that interference likewise occurs 

I The authors gratefullj acknowledge a for use 

of tblne from the Medical Department of Merck and Company, Inc , 

in these expenments 
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Wlule it may be argued that the compounds yieldmg a positive effect 
are seldom encountered in thiammc-contammg materials, the possibility of 
similar difficulties being present should be borne m mmd Thus pomt may 
be illustrated by the results of an assay of the thiamme content of one lot 
of commercial tablets contnmmg the synthetic water-soluble vitamms 
The dissolved tablets when assayed by cither the Melnick and Field pro- 
cedure or the fermentation method of Schultz cl al (6) 3 nelded values of 
0 to 0 25 mg of thiamme instead of the 1 0 mg expected The prelimmarj 
removal of the coating made no difference in the values obtamed The 


Table III 

Addition of HgClt before and after Diazonium Reagent 
The 0^ ml of mercurj compound ivaB odded to the thiamino aliquot in the water 
alcohol phenol mixture contained in the centrifuge tubes either just before or just 
after the addition of the diarotized reagent Thorough mixing between additions 
was accomplished 


HgCl* added, 0*2 ml 

1 Thiaxome value 

Before 

After 

X unit 

ant of stondofd 

cent of standard 

1 25 

0 

96 3 

0 6 

67 7 

96 3 

0 05 

100 

100 


Table IV 

Interference with Thiazohum Methiodide Color 
The 2 ml aliquots analyzed contained 2 6 X itr* Jt 4 methyl 6 p hydroxyethyl- 
thiazole methiodide and were compared with a standard of the same compound 


HgCIt conceotratioa 

Thatole value 

per 1 X 101 

per cent of standard 

0 6 

0 

0 25 

1 6 

0 1 

60 9 

0 01 

100 


mtenor consisted of approiomately 190 mg of cocoa as filler and 30 mg of 
ascorbic acid m addition to vanous amounts of the other synthetic B vita- 
“uns Consequently separate 1 mg portions of thiamme were mixed with 
190 mg of cocoa and 30 mg of ascorbic acid from the same materials used 
in compoundmg the tablets The fermentation method shoved the pres- 
ence of 0 56 mg of thiamme m the former mixture and 0 46 mg m the 
atter, similar values being obtamed with the Melnick-Field method 
^ese results not only confirm the mfluence of ascorbic acid^oreviously 
Te erred to, but also mdicate the deleterious effect of cocoa on the tt i iamine 
molecule The practical imphcations are, of course, obvious 
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two vitemins promptly restored this transient hepatic increase m nboflavin 
during digestion, it appears that both thiamine and pantothenic acid 
e\ert an mfluence upon the mobihzation of nboflavin 
In the course of a study of the effect of vitamm deficiencies on the metabo- 
lism of estradiol (10), data on the thiamme and nboflavm content of the 
hver of these animals were obtamed which suggested an mterrelationship 
between these two vitamins Further studies of such an mterrelatioa 
between thiamme and nboflann were undertaken, and the results are 
reported in this communication 


Methods 


The composition of the vanous diets employed m this study is given in 
Table I Animals mamtamed on Diet 18 were given by stomach tube a 
daily supplement of B vitamms as mdicated m Table I Diet 18 devoid 
of B vitamins served m the production of deficiencies in the entire B com- 
plex as well as m mdividual factors such as thiamme, nboflavm, pyndoxme, 
or pantothenic acid This was accomplished by omittmg either all vifa- 
mms or the specific vitamm m question from the daily supplement In 
Diet ISA the B vitamms were admixed m the diet, mid thiamme or nbo- 
flavm deficiency was obtamed by omittmg thiamme or nboflavm respec- 
tively from the diet 

Thiamme deficiency was also produced m rats mamtamed on Diet 20 
m which autoclaved yeast was used to supply B vitamins other than 
thiamme The small amount of non-autoclaved brewers’ yeast is respon- 
sible for a thiamme content of 05 y per gm of diet as measured by the 
thiochrome method Control animals received a daily supplement of 40 y 
of thiamme Through the courtesy of Dr D W Woolley, a group of 
thiomme-deficient mice was obtamed m which the deficiency was produced 
by the feedmg of pynthiamme (11) 

Diet 23 was used for the production of biotm deficiency Control ani- 
mals received 2 t of biotm daily Vitamin A deficiencies were obtained 
on Diet 44 Animals mamtamed on Diet 18 served as controls for the 


vitamm A-deficient rats 

Male and female rats of two different strains (albmo and piebaW, 
Sprague-Dawley) raised m the laboratory were used At 21 dajs of age 
the pTumnlq w'ere placed m mdimdual cages and given one of the expen- 
mental diets Food and water were consumed ad libitum The amma 
were contmued on the deficient diets until severe signs of ^ 

velooed Eveiy experiment was controlled by a group of fitter 
on the same ration supplemented with an adequate amount of the pa 

Furtheimore, with thiamme- and nboflavm-deficent anmk 
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(From the Memonol Jlospitr for the Treatment of Cancer and Allied Diseases, Nev> 
Yorl, and the Merek /nstitutc for Therapeutic Research, Rahicay, New Jersey) 

(nccci\cd for publication, March 22, 1944) 

The possibility of an interrelationship between vitamins of the B group 
was first suggested by clmical observ'ations Scandinavian authors (1-3) 
have reported that treatment of multiple deficiencies with thmmme alone 
precipitated the appearance of lesions characteristic of nicotmic acid defi- 
ciency, and Sydcnstricker (4) encountered the enhancement of certam 
signs of deficiency in pellagnns following treatment with nicotinic acid 
These and other observ'ations, taken as evidence of an interdependence 
between mdividual vitamms of the B group, stimulated speculation as to 
whether the lack of one vitamin or an ov’erdosage of an individual membei 
of the vitamin B complex might derange the requirements for others (“vita- 
lom balance") Expenmental data on an interdependence among the B 
vitamins are meager Unna and Clark (5) w ere unable to show that exces- 
sive amounts of mdmdual vitamms giv'en to rats deficient in one or more 
factors of the vitamm B complex aggrav ate the manifestations of the spe- 
cific deficiencj Klopp, Abels, and Rhoads (6) found a transitorj' mciease 
m nbofiavm excretion m men treated with large doses of thiamme Pro- 
longed administration of thiamme, how'ever, failed to produce any clinical 
evidence of nbofiavm deficiency 

Sure and Ford (7) reported an mcrease m nbofiavm excietion m the 
J^e of thiamme-deficient rats They suggested that tluamme deficiency, 
fay affecting the utihzation of nbofiavm, may produce nbofiavm deficiency 
m man Ferrebee and Weissman (8), however, m studies on thiamme- 
deficient patients concluded that thiamme deficiency is not of clmical 
sigmficance m the production of nbofiavm deficiency In thiamme- 
eficient rats, they observed changes m nbofiavm metabolism only m xhe 
nnmal stages of the deficiency, which were regarded as non-specific 
Supplee, Jensen, Bender, and Kahlenberg (9) made the observation that 
e concentration of nbofiavm in the liver mcreased temporarily foliowmg 
mating of food This increase w'as not observed m thiamme-deficient 

in pantothenic acid-deficient rats Smee the administration of these 

This Work Has earned out with the aid of a grant from the Nutntion Founda- 
Uon, Ino 
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two vitanuns promptly restored this transient hepatic mcrease m nbofiavin 
during digestion, it appears that both thiamine and pantothenic acid 
e\ert an mfluence upon the mobihzation of nboflavm 
In the course of a study of the effect of vitamm deficiencies on the metabo- 
lism of estradiol (10), data on the thiamme and nboflavm content of the 
hver of these animals were obtamed which suggested an mterrelationship 
between these two vitamms Further studies of such an mterrelatioa 
between thianune and nboflaiun were undertaken, and the results are 
reported in this communication 


Methods 


The composition of the vanous diets employed m this study is given in 
Table I Aminals mamtamed on Diet 18 w ere given by stomach tube a 
daily supplement of B vitamms as mdicated m Table I Diet 18 devoid 
of B vitamins served m the production of deficiencies m the entire B com- 
plex ns well as m mdividual factors such as thianune, nboflavm, pyndoxme, 
or pantothemo acid This was accomplished by omittmg either all vita- 
imns or the specific vitamm m question from the dady supplement In 
Diet 18A the B vitamms were admixed m the diet, mid thiamme or nbo- 
flnvm deficiency was obtamed by omittmg thiamme or nboflavm respec- 
tively from the diet 

Thiamme deficiency was also produced m rats mamtamed on Diet 20 
m which autoclaved yeast was used to supply B vitamms other than 
thiamme The small amount of non-autoclaved brewers’ yeast is respon- 
sible for a thiamme content of 05 y per gm of diet as measured by the 
thiochrome method Control animals received a daily supplement of 40 y 
of thiamme Through the courtesy of Dr D W Woolley, a group of 
thiomme-deficient mice was obtamed m which the deficiency was produced 
by the feedmg of pynthiamme (11) 

Diet 23 was used for the production of biotm deficiency Control ani- 
mals received 2 t of biotm daily Vitamm A deficiencies were obtained 
on Diet 44 Animals mamtamed on Diet 18 served as controls for the 


vitamm A-deficient rats 

Male and female rats of two different strains (albmo and pieba , 
Sprague-Dawley) raised m the laboratory were used At 21 dajs of ago 
the animals w'ere placed m mdnudual cages and given one o^he expen 
mental diets Food and water were consumed ad libitum TOe 
were contmued on the deficient diets until severe signs of 
veloped Every experiment was controlled by a ^icu- 

on the same ration supplemented with an adequate amount * P , 
Furtheilre, with thiamme- and nboflavin-deficj^ 
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■nere rcstncted to the food intake of deficient animals Deficient and 
control animals iicre sacnficed simultaneous!} The weight of the hver 
and the kidne}s was recorded and the moisture content of the hver was 
determined 

The thiammc and nbofla\ in content of the liver vas determmed m mdi- 
vidual assa}s by the thiochrome method of Hennessy and Cerecedo (12) 


Table I 

Composition of Experimental Diets 


Componenla 

Diet 18 

Diet 44 



Diet 23 

1 Gra per 100 £m 

Casein, vitanun-free 

18 

18 

18 


15 

" technical 

Dned egg albumin 



I 

16 

15 

Dextrose 

Sucrose 

Com starch 

68 

70 

68 

60 

52 

Vegetable fat (Cnsco) 


8 

8 

9 

10 

Salts U S P XINo 1 



4 


4 

Cod liver oil 



2 

2 

2 

Autoclaved yeast 




9 


Non autoclaved brewers* jeast 

Dried beef hver 




0 2 

2 


Fed separately, 
mg per rat daily 

Mg per 100 gm 

Thiamine 

0 04 ! 

0 04 

1 


0 8 

Hiboflavin 

0 08 

0 08 

2 

I 

1 6 

Nicotinamide 

0 5 

0 5 

10 

1 

10 

Pyndoxine 

0 04 

0 04 

1 

1 

0 8 

Ca pantothenate 

0 2 

0 2 

10 


5 

Choline chloride 

5 

5 

100 


100 


Weekly supplements per animal 

“ Tocopherol, mg 

5 

5 

5 



Vitamin D concentrate, i u 


2000 





and by a modification of the fluorometric method of Hodson and Norns (13) 
respectively 


Results 

Simultaneous detemomations of the thiamme and nboflavm concentra- 
bon m the hver nere earned out on a total of more than 200 animals 
he results are grouped accordmg to the \anous deficiencies in Tables 
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No significant difference in the vitatnm content of the liver was found 
between the se\ea nor betw'een the two strains of rats Also, the concen- 
trations of thiamine and nboflavm in the liver were not influenced by the 
age of the animals They remamed practically unchanged throughout a 
penod of 3 months after weanmg with the exception that occasionally 
during the first 2 weeks slightly lower values were found The concentra- 
tion of nboflavm, however, was dependent on the t3T3e of diet used A 
greater concentration of this vitamin was found m the hvers of animals 
maintamed on Diets 23 and 20 than in those on Diets 18 and 18A (Tables 
II and III) Smce Diets 23 and 20, owing to the addition of egg white or 
autoclaved yeast, contain more protein than Diet 18, it appears possible 


Table II 


Efecl of Deficiencies in Btolin, Pyndoxtne, Pantothenic Acid, and Vitamin A upon 
Concentration of Rtbojlatnn and Tkiarntne in Liver 






Body weight 

Ribofiavin 

Thfasiine 

Deficiency 

s 

*5 

■Si 

_ C 

Z ** 

Davs 
on diet 

Aver 

age 




M 



w 

5 

Range 

Averagt 

R»nge 

V 

> 

< 

Range 





C0 


rferem 

rptrim 

Y 

T t” 

Biotin 

23 

6 

35-48 

135 

100-154 

28 4 

25 8-33 5 



Control (2 y daily) 

23 

4 

35-48 

253 

195-284 

30 0 

27 A-33 4 



Pyridoxine 

18 

15 

49-60 

60 

46- 96 

22 5 

18 3-25 8 

4 9 

2 8^ 8 

^Control (40 y daily) 

18 

9 

49-60 

170 

144-207 

23 4 

r 6-23 8 

41 

2 86 8 

Pantothenic acid 
Control (200 y 

18 

7 

52-60 

83 

61-107 

24 6 

m 8-30 0 

5 8 

4 6-03 

3 3-6 8 

daily) 

18 

7 

52-60 

162 

144-196 

23 5 

J (* 8 

5 6 

Vitamin A 

Control (2% cod 

44 

10 

48-60 

104 

91-138 

23 3 

17 1-26 4 



liver oil) 

18 

5 1 

48-60 

2W 

161-254 1 

24 3 

20 7-29 




that the nboflavm concentration of the liver maj be dependent upon the 
dietai'j protem Ip general, the nboflavm values were quite unifonn in 
any given group and varied little from one experiment to another On 
the other hand, the thiamine % alues were more erratic 
The nutritional state per se had little mfluence upon the nboflavm or 
thiamine content of the liver Animals maintained on pyndome- or 
pantothenic acid-free diets until veiy severe signs of deficiency had become 
manifest (after 49 to 60 days) showed no significant demtions mth 
nboflavm or thiamme concentration of the hvei (Table II) ’ 

no change was observed m the nfaoflainn content of the hver m anim 
suSenng from seiere biotin deficiencj or from ntamin A deficienci 

(Table II) 
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Thiamine Dcfiacnaj — The thiamme in the liver of the rats maintained on 
diets deficient m this vitamin decreased rapidly dunng the deficiency 
penod (Table III) A depletion period of 24 to 28 days led to an almost 
complete exhaustion of thiamine in the liver, average values amountmg 
to 0 2 -y per gm (less than 10 per cent of the control level) In all thiamme- 
deficient ammals the concentration of riboflavin m the liver was consistently 
higher than that of control rats rccei\ ing adequate amounts of thiamme 
This mcrcase was not significant during the first 13 days while the rats 
were still growmg (Expenment 1) However, after 24 to 28 days the 


Tahle III 

Effect of Thiamme Deficiency upon Concentration of Thiamme and Riboflavin in Liver 


1 Experiment No | 

Diet 

No of 
ant 
culs 

Da>s 

on 

diet 

Body vreight 

Thiamme per gm 
hver 

Riboflavin per gm hver 

Average 

Range 

Average 

Range 

A\ crage 

Range 






gm 

r 

1 

T 

y 

1 

18, deficient 



65 

62- 73 

1 3 


19 0 

16 1-22 2 


18, control 


13 

73 

69- 80 

5 4 

4 9-58 

16 0 

16 2-17 6 

2 

18, deficient 

18 

24-28 


35- 70 

WIK 


30 0 ± 0 8 

22 -36 8 


18, control 

11 

24-28 

123 

110-152 

2 5 


21 8 ± 0 1 

19 8-24 6 

3 

18, deficient 



49 

43- 57 

EE 


27 8 

21 6-32 4 


18, control 




88-113 

9 3 


23 1 

21 0-25 4 


18, “ 



68 

55- 76 

9 6 


20 9 

19 2-25 4 


paired feeding 









4 

ISA, deficient 

8 

25 

55 


EE 


31 5 

26 6-34 6 


18A, control 

5 

25 

155 

138-194 


8 1-12 6 

24 4 

22 9-27 6 

5 

20, deficient 

10 

20-32 

54 

46- 65 

m 


29 5 

24 2-36 


20, control 

8 

20-32 

137 

uiialU 

4 4 

2 3-57 

26 5 

22 -29 


Pynthiamme 

3 




2 2 

19-26 

36 8 

34 -41 


(mice) 









— 

Control 

3 




9 2 

4 9-16 1 

30 5 

29 -32 


n oflavin concentration m the liver of thiamme-deficient rats reached 
va ues which were almost 50 per cent higher than those of a control group 
^ ch received the same amount of nboflavm by stomach tube (Experi- 
ment 2) A similar increase m the nboflavm concentration of the hver 
Was also found m thiamine-deficient animals which received nboflavm and 
fE ^ ^^mms m the basal diet (Diet 18A) (Experiment 4) or m Diet 20 
xpemnent 5) When the control animals were restneted in their food 
con^mptiQjj to that of the thiamme-deficient ammals, no increase m the 
0 avin concentration of the hvei was obsenmd (Expenment 3) Like- 
wise, mice depleted m thiamine by the feedmg of pynthiamme showed a 
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bgher nboflavm concentration m the liver than did control which 
received large amounts of thiamme to counteract the effect of pyrithiamine 
( vpemnent 6) When thiamme-depleted rats Mere given thiamine, the 
nboflavm concentration m the liver was found to decrease gradually during 
the following 2 to 4 days to the values of the control group, while the thi- 
anune concentration m the hver mcreaaed mthin 2 to 4 houra to norma! 

Rtbojlavin Deficiency In contrast to the rapid loss of thiamine in the 
liver of thiannne-deflcient rats, the decrease of nboB&vm m the hver of 
nboflavm-deficient rats progressed at a elon rate After 24 days of deple- 
tion the concentration of nboflavm was about 10 y per gm or slightly less 


Table IV 


of Hthoflovtrt Deficiency on Concentralton of Rtbofiavtn and Thtatninc tn Ltver 



*3 

a 


Body weight 

Riboflavin 

Thiamine 

Diet 

o 

"o 

o 

A 

on diet 

•> 

to 

<4 

Range 

Aver 

age 

rtiuse 

Aver 

ttgC 

JUnge 




gm 

gm 

y 

gm 

y per gm 

yper 

gm 

ytiri" 

18, deficient 

6 

24 

36 

35- 39 

IIBI? 

8 8-11 2 


9 7-15 

18, control 

8 

24 

84 


19 5 

11 5-24 8 

5 1 

39-67 

18, " 

5 

24 

66 

62- 71 

18 9 

11 f^24 8 

5 I 

4 4-63 

paired feeding 
18, deficient 


25 (24 hra after 

1 48 j 

1 

42- 53 


I 9 3'!*’ 6 

1 

75 

U 5- 9 8 



160 y riboflav- 
in) 






4 0-90 

18, " 

4 

26 (48 hrs after 

53 

45- 59 

15 8 

14 S-17 3 

73 



320 r) 






12 5-20 6 

18A, deficient 

10 

27 

52 


9 7 

6 4-12 6 

16 5 

ISA, control 

5 

27 

155 

138-194 

24 9! 

22 9-27 6 


8 1-12 6 

18A, " 

5 

27 

99 

Misoml 

tml 

14 4-18 6 

8 6 

5 7-12 2 

paired feeding 






i 

! 

. 


than 50 per cent of that of the controls (Table IV) Even in moribund 
animals appreciable amounts of this ntainin were found, nboflavm con- 
centrations lower than 6 y per gm apparently are mcompatible with hfe 
The thiamme concentration m the liver of nboflavm-deficient anuna 
was without exception higher than that of the control animals In some 
expenments the values were twice those of the control animals w c 
received the same amount of thiamme dailj by stomach tu e 
likewise mcreased w hen the i itamms w ere fed m the basal met (JJie / 
The restnction of food consumption m control animals had no effect upo 
the thiamme level of the hver The 
of these animals was not significantly different from tha 
anunals eating ad lihium (Table IV) 
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Another group of nboflnvm-doficient animals Ains fed 160 7 of riboflavin 
daily after a depletion period of 24 da 3 ’s (Table IV) The nboflavm con- 
centration m the 111 or increased slight)}' over a period of 24 hours, a signifi- 
cant rise v as found only after 48 hours In contrast, the thiamme concen- 

tration m the hvcr showed a considerable decrease during the first 24 hours 
Vxtamin B Complex Deficiency — In these evpcnments animals were main- 
tained on the intamm B complex-deficient basal Diet IS supplemented 
daily mth 5 mg of choline onl} This depletion in B vitamins produced a 
rapid decrease m the thmmmc concentration of the liver (Table V) After 
30 days thiamme levels of 0 2 7 per gm were found, values comparable 
to those observed m thiamme deficiency alone (Table III) The nboflavm 
concentration, howe\er, decreased only shghtly durmg the first 3 w'eeks 
and stdl averaged 15 1 7 per gm after 30 days In contrast, animals 


Table V 

Effect of Dephlton tn All B Vtlamtns (Except Choline) upon Concentration of Thiamine 
and Jliboflaoin in Liver 


niet 18 


Deficient 

Control 

Deficient 

Control 


Ko of 
&0I 
aah 

D»ys 

Body weight 

ThjAmlne* 

Riboflavin 

diet 

Aver 

RjiDge 

Aver 

age 

Raoge 

Average 

Range 



tm 

tm 

TT tir 
tm 

T Pt' tm 

T per 
gm 

V per gm 

9 

22 

38 

29-47 

0 4 

0 2-0 9 

18 6 

12 2-25 6 

3 

22 

90 

87 - 96 

3 1 

2 4-3 7 

19 4 

16 1-21 4 

3 

30 

38 

35 - 40 

EQ 

0 2-0 3 

15 1 

12 1-17 6 

2 

30 

137 

135-138 

2 4 

2 3-2 4 

21 6 

20 8-22 2 


We are indebted to Dr D M Tennent for these thiamme values 


depleted m nboflavm alone showed, after 24 days, a much lower level of 
nboflavm, namely, 10 3 7 per gm (Table IV) 


DISCUSSION 

The nboflavm concentration m the liver was found to be sigmficantly 
increased m thiamme-deficient rats, and nboflavm-deficient rats had an 
inerted concentration of thiamme m the fiver Furthermore, withdrawal 
0 a B vitamins except cholme resulted m a rapid loss of thiamme, but the 
^ m the hver remamed relatively stable for a long penod 

e other hand, the level of thiamme and of nboflavm m the hver of 
®®ii^ls severely depleted m pyndoxme, pantothenic acid, or biotm failed 
E ow Bigmficant deviations from that of control animals receivmg ade- 
quate amounts of these vitamms 

6 mcrease m nboflavm m the hver of thiainme-depleted rats amounted 
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to 50 per cent over that of controls, whereas the thiamine concentration m 
nboflavin-deficient livers v as up to 100 per cent higher than m control am 
mals The increase of either thiamine or riboflavin was not due to mam- 
tion, smce isocalonc feeding of the control animals failed to mcrease the 
vitamin content of the hvers Nor can the mcreased vitamm content be 
explamed by a change m moisture content of the organ, since no significant 
differences m water content were observed between deficient and control 
animals The relative size of the hver was considerably decreased in defi- 
cient animals, the ratio of 4 0 to 5 0 between hver weight and kidney 
weight m normal animals was reduced to 2 5 to 3 5 m severely deficient 
animals However, dimmution m hver size appears not to he responsible 
for the selectiie increase m thiamme or nboflavm, smce a comparable 
shrinkage of the liver m rats severely depleted m other B vitamms was 
not associated with significant changes m thiamme or nboflavm content 
Our results do not support the postulation of Sure and Ford (7) that 
nboflavm deficiencj’’ might result from poor utihzation of nboflavm in 
thiannne deficiency On the contrary, our thiamme-deficient rats had 
more nboflavm available than controls, and the feedmg with thiamme 
resulted m a dispersal of the excess nboflavm from the hver 
Ferrebee aud Wbissman ( 8 ) usmg adult rats did not observe a significant 
change xn the nboflavm concentration of the hver of adult rats mamtamed 
on a thiamme-deficient diet for a period of 4 weeks On the other hand, 
m B recent paper by Schweigert, Mclntire, and Elvehjem (14) protocols 
are published from which it is evident that the thiar me concentration m 
the hver is appreciably higher m rats receivmg 8 o of nboflavm than m 
others receivmg 60 y of nboflavm per day For instance, the average 
thiamme values reported on a high carbohydrate-low nboflavm diet are 
14 5 7 per gm of dry weight as compared to 7 6 7 on a high carbohydrate- 
high nboflavm diet, differences which are qmte comparable to our findmgs 


SUMSIAHY 


In young rats depletion m thiamme was found to mcrease the concen 
tration of nboflavm m the hver above that of control animals n n- 
flavm deficiency, the thiamme concentration of the hver was hig er an 

m control animals , g 

The concentrations of thiamme and nboflavm m the hver ° 
cient m pyndoxme, m pantothenic acid, m biotm, J o„ 

not eigmficantly different from those of htter mate controls ma 

adequate amounts of these vitamms j iii, amine 

The results are mterpreted as evidence of an mterdependence of thiamme 

and nboflavm 
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THE EFFECT OF MTAMIN DEFICIENCY ON ESTRADIOL 
INACTIVATION BY LH'ER* 

BrH 0 SINGHER.C J KENSLER, H C TAYLOR, Jn , C P RHOADS, and 

KLAUS UNNA 

(From the ilfcmonal Hotpital for the Treatment of Canecr and Allied Diseases, New 
lori, and the Merek Institute for Therapcutie liescarch, Rahway, New Jersey} 

(Rccci\cd for publicntion, March 22, ]9'14) 

Several authors hav’e mvestigated the r61e of liv er in estrogen metabolism 
Dver slices from dogs, rats, and mice have been found by Zondek and 
Sklow (1) and bj Heller (2) to metabolize estrogens in vitro Perfusion 
experiments on isolated organs have been performed by Israel el al (3) 
Perfusion of estrone through a hearLlung preparation did not result m 
inactivation Hon ever, n hen the liv er n as introduced mto the circulatory 
path, estrogen was rapiiy destro 5 'ed Further evidence of the r61e of the 
iver in estrogen metabolism has been advanced by Biskind and Mark (4) 
hey implanted a pellet of estrogen m the spleen of a castrate rat No 
fistrogemo effect nas observed as long as the spleen remained connected 
with the portal circulation However, when the spleen was transplanted 
and its venous blood flowed directly mto the systemic circulation, the estro- 
gemc effect of the implanted hormone became apparent 
Sh ^ similar technique, Biskmd and Biskmd (5) and Biskmd and 
eemyak (6) demonstrated an mterrelationship between vitaimn B 
coi^lex deficiency and the production of experimental estrus by estradiol 
iskmd and Biskmd implanted a pellet of estrogen in the spleen of castrate 
sma e rats mamtamed on a diet low^ in B vitamins The implanted hor- 
fflone was not mactivated,as shown by the occurrence of protracted estrus 
^ rate female rats mamtamed on a complete diet, however, remamed in 
Mestrus after similar implantation Biskmd and Shelesnyak carried out 
th° x" experiments m rats in which one ovary was removed and 

the transplanted mto the spleen Thus all the blood flowing through 
ovary entered the portal circulation These animals show'ed signs of 
rus when mamtamed on a diet deficient in the vitamm B complex, 
^eas the controls fed a normal diet failed to do so 
^ e present paper deals with the effect of deficiencies of individual known 
em ere of the B complex and of vitamm A on the abihty of rat and mouse 
to mactivate estradiol 

r nction of Deficiencies — ^The rats employed in studying the various 
Ino 'rork was earned out with the aid of a grant from the Nutrition Foundation, 
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deficiencies w ere males and females from two strams Thev were all started 
when 21 to 28 days of age In order to produce thia^ nboS 
pyndoxme, and pantothemc acid deficiencies, animals were placed on a 
purified vitanun B complex-free basic diet (Diet 18) consistmg of casern 
(vitamin-free) 18 per cent, dextrose 68 per cent, salt toxture, U S P XI 
No 1, 4 per cent, hydrogenated vegetable fat (Cnsco) 8 per cent, and cod 
liver oil 2 per cent The animals were given a daily supplement, fed bj 
stomach tube, of the followang synthetic matenals (values expressed in 
micrograms) thiamme 40, nboflavm 80, pyndoxme 40, calcium panto- 
thenate' 200, nicotmamide 500, and cholme chlonde 5000 In addition 
all animals received 5 mg of o:-tocopherol dissolved m ethyl laurate once 
a week In order to produce any given deficiency, the respective vitamin 
W'as omitted from the daily supplement The diets emplo)'ed m producmg 
biotm- and vitamm A-deficient animals, as well as other diets used for 
producmg thiamme deficiencj , are reported by Smgher et al (7) The 
estradiol-mactivatmg abihty of the hver showed the seme dependence on 
hver vitamm level irrespective of the diet employed m producmg the 
deficiency 

Bsts ivr were ssaoitnised m the respective d/^ts uatd sacnScsd 
The animals were killed at v anous stages from the appearance of the first 
signs of deficiency until verj' severe symptoms were apparent In several 
cases the animals w ere already near death due to the deficiency 
In experiments dealing wnth the level of riboflavin essential foi estradiol 
mactivation large groups of animals were mamtamed op the deficient diet 
until gross signs of deficiency became apparent Some of these animals 
were sacrificed immediately, while the other members of the groups were 
given 160 y of nboflavm daily and sacrificed at various intervals until hver 
nboflavm values approached the normal 
Inachvahon Technique — When the annuals were saonficed, the hvera 
were immediately removed and sliced into Rmger-phosphate solution 
Prehmmary expenments wnth noimal rats had demonstrated that 100 mg 
of shoes were just adequate for the mactivation of 3 t Of estradiol in the 
mcubation penod of 2 hours This was considered the oxidative threshold 
for estradiol under our conditions This amount of ti^e was weighed 
mto the mam well of Warburg vessels which contamed 2 cc of Binger 
phosphate solution and 0 2 cc of 20 per cent KOH m the center we 
There was then added to the mam vessel 0 01 cc of a solut.on contammg 
3 7 of estradiob with a Guthne pipette controller and a 002 cc pipette 
The flasks were then meubated, wnth continuous shakmg, at 375 or 
hours and the respiration of the tissue observed Onlv those expenmen 


>We wish to express our thanks to Dr 
Bloomfield, New Jersey, for the generous gift 


Schwenk of the Schenng 
of the estradiol emploved 


Corporation, 
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A\hich shotted actI^el^ rcspinng tissue ttcrc included in the final results 
At the end of the 2 hour period the tissue tt'as immediately removed from 
the vessel Tlie fluid in tlic AVarburg vessels was then transferred and the 
vessels were nnsed several times with equal volumes of distilled water 
The tissue, fluid, and washings were combmed and placed m a boilmg 
water bath for 10 minutes The heat-inactivated matenal w'as then 
homogenized and made up to a v olumc such that 3 cc could contain no 
more than 0 4 7 of estradiol 

Assay Method — ^Tliis material then was mjected into immature Sprague- 
Dawle} female rats and assajed for estradiol content bj the uterine growth 
method by the technique of Lauson cl al (8) 

Vitamin Determination — ^For the determination of nboflav'm 200 to 400 
mg of fresh hver were dned on filter paper, weighed, and homogenized with 
0 25 M sulfunc acid This was transferred quantitative^' with more acid 
to a small beaker and hj drolj'zed m boiling w ater for 20 minutes m the 
dark The hot suspension was diluted and neutralized wath a saturated 
solution of disodium phosphate This was filtered m the dark and made 
up to a volume of 50 cc The final dilution w as read m the fluorophotom- 
eter against a standard of pure nboflavm accordmg to the method of Hodson 
and Noms (9) 

In the thiamme determmations sufficient fresh or frozen hver was em- 
ployed to yield 5 7 of the vitamm, whenever possible, in the final ahquot 
This tissue was homogemzed m 0 1 N sulfuric acid and the pH then adjusted 
to 4 to 4 5 300 mg of taka-diastase were then added to this solution and 
the mixture meubated for 2 hours This w'as then eentnfuged, the precipi- 
tate washed with w'ater, and the thiamme m the combmed centrifugate 
and waslungs determined by the method of Henness}' and Cerecedo (10) 

Results 

The v'alues reported in Tables I to lA^ for vatamm content are expressed 
as micrograms per gm of w et weight of liv er 
the plus and mmus signs in the estradiol inactivation columns repre- 
^nt mactivation or the failure of mactiv'ation of the added estradiol by 
"er slices Plus signs represent an estradiol content, after incubation, of 
ESS than 0 9 7 Minus signs represent material contammg 2 7 or more of 
Eshadiol Assays yieldmg 0 9 to 2 7 are given as (i) smee they represent 
^ mmution of at least 50 per cent m the origmal estrogenic activity 

shown m Table I, the 1 eduction of the nboflavm content of rat hvers, 
" approximately 3 weeks on the deficient diet, is associated 

h a loss of the estradiol-inactivating ability The annuals showed, m 
. ^ stages of this deficiency, the gross morphological changes associ- 
E ttnth nboflavm depletion Further data on nboflavm-deficient am- 
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mals are included m Table II From the values in both tables, it is 
apparent that under these experimental conditions a nboflavin level of 13 
to 14 7 per gm of hver is essential for estradiol mactivation by liver slices 
Further, the activity, presumably enzymatic, lost by depletion can be 
restored by the feedmg of the vitamm The restoration of activity m these 
deficient animals following the admmistration of nboflavin is relatively 
slow and parallels the slow nse m the liver nboflavin content 
The effects of thiamme deficiency (Table III) demonstrate the depend- 
ence of estradiol mactivation, by hver shoes, on the hver content of this 


Table I 


Ability of Liver Slices from Ribojlavtn-Defictcnt Rais to Inactivate Estradiol 


Days on dtet 

RIboQ&via 

No of rats 

No able to 
inactivate eatradioi 

Average 

Range 


7 f" S" 

7 ptrtn 



12 

17 8 

16 4-19 4 

5 

5+ 

19 

11 9 

10 -14 

4 

4- 

2S 

13 I 

12 6-13 6 

3 

3- 

35 

12 6 

10 7-15 2 

3 

3- 

48* 1 

16 4 

15 3-15 4 

2 

2+ 

48 

IS 3 


1 

1 + 

48 

I 8 8 

7 4-10 2 

2 

2- 

57 

1 


3 

3- 

61* 

1 


4 

3-, 1+ 

67 



5 

4-, 1± 

Controls fed nboflavin ' 

12-48 

23 2 

18 6-28 8 

9 ( 

9+ 

57-67 



9 1 

9+ 


* Received 2 S t of nboflavin daily 


vitamm With a method of thiamme determination by which there is no 
differentiation between the free and combmed forms of the i itamin, it was 
found that the thiamme content would return to the normal values in a 
period of not more than 2 hours under our conditions The 
mactivating ability was restored m the same period The data on w 
B complex deficiencies m the rat (Table IV) reflect changes n^mly m m 
thiamme content The failure of the hver to inactivate estradio J‘P . 
to be due to the loss m thiamme Mouse hver shoes, from mi , 

m nboflavm, thiamme, or the whole vitamm B complex, reac m 
analogous maimer to that of the rats (Table V) 
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Table II 


Ral Liter Rthofiann IktcI Retcnltal for Estradiol Inactivation 


Eiperh 

rntni 

Di)^on nboQtvla frre 
diet 

rrceixini; 

rIboSA\in 

lupple 

ment 

before 

tacrificlDf 

1 

ToUl { 
rfbofia\In > 
fedo\er 1 
depletion 
period 

RlboflAMn in liver 

No of 
rats 

No able to 
Inactivate 
estradiol 

j 

Averare 

R«nff 




T 

T ftr tm 

7 t" 



A 

23 (Controls) 

0 

0 

ID 0 

18 2-10 0 

2 

2+ 


23 

0 

0 

13 3 

12 6-14 1 

2 

2- 


23 

2 

320 

12 2 

11 1-13 3 

2 

1+, 1- 


23 (Controls) 

C 

000 

20 0 

20 3-21 5 

2 

2+ 


23 

6 


13 0 

12 -16 7 

3 

3+ 

B 

24 (Controls) 

0 

0 

20 3 

16 4-24 8 

3 

3+ 


24 

0 

0 

10 3 

8 8-11 2 

5 

6- 


24 (Controls) 

1 

IGO 

21 

18 2-23 8 

2 

2+ 

i 

24 

1 

160 

10 8 

0 3-12 0 

5 

6- 


24 (Controls) 

2 

320 

20 6 

20 2-21 0 

2 

2+ 


24 

2 

320 i 

16 1 

14 8-17 3 

6 

5+ 


24 (Controls) 

2 

320 

22 6 


1 

1+ 


24 

2 

320 

16 3 

12 7-17 9 

2 

1+, I± 

c 

42 (Controls) 

0 

0 

24 2 

I 24 1-24 2 

2 

2+ 


42 

1 

160 

7 1 

6 4-78 

3 

3- 

i 

42 (Controls) 

4 

640 

25 4 

23 6-27 4 

2 

2+ 


42 

4 

640 

12 7 

12 6-12 9 

2 

1-, 1 + 


42 

4 

040 

17 7 


1 

1 + 


Table III 

Ability of Thiamine-Deficient Ral Liver Slices to Inactivate Estradiol 


Diyi on diet 

Tbia 

Average 

mine 

1 Range 

No of rats 

No able to 
inactivate 
estradiol 


T ptr tm 

yptrtm 



13 

28 

1 3 

0 86-2 6 

6 

4 

4-, 2+ 

4- 

26 

0 4 

0 0-08 

4 

3-, 1± 

26 

24 1 

0 28 

0 16-0 46 

4 

2 

4- 

2- 

32 



2 

2- 

30 

0 34 

0 23-0 43 

4 

4- 


Controls fed thianune 


13-30 

24-32 

3 g 1 

1 

2 0-68 

10 

8 

10+ 

8+ 
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In a study of the vitamuis that were found to be without effect on 
estradiol metabohsm, under those conditions, aniinals were kept as long 

Table IV 


Ahihly of Inver Slices from Vttamin S Cenplex-Dejictetil Rais to InacltmleEstradtol 


Days 
on diet 

Thiamine* 

Riboflavin 

No of rats 

No able to 
inactivate 
estradiol 

Average 

Range 

Average 

j Range 


7 ptr gm 

y per im 

T #<'■ rm 


1 


22 

0 4 j 

0 2-0 9 

18 9 


9 

5-, 4± 

30 

0 2 

I 1 

0 2-0 3 

15 1 


3 

2-, 1± 

Controls fed all B vitamins 

22-36 

3 6 

2 3-8 3 

21 5 

16 1-27 8 

6 

6+ 


* We are indebted to Dr D M Tennent for these thiamine analjses 


Table V 

Inacltvalion of Estradwl by Mouse Liver Slices 


Deflcieocy 

Daya on diet 

No f animals 

No able to 
inactivate estradw' 

Riboflavin 

16 

2 


Thiamine 

15 

2 


Vitamin B complex 

15 

i 3 


Riboflavin 

20 

3 


Thiamine 

20 

2 


Controls (receiving all B vitamins) 

15-20 

3 



Table VI 

Inactivation of Estradiol by Liver Slices from Rais with Vonoas Deficiencies 


Deficiency 

Days on diet 

No of rats 

Pyridoxine 

46- 49 

13 

" controls 

46- 49 

5 

Pantothemo acid 

35- 43 

22 

“ “ controls 

35- 43 

11 

Biotin 

35- 68 

7 

“ controls 

35- 48 

4 

Vitamin A 

48-136 

11 

“ " controls 

48-136 

11 


No olntlireriMi 
to macUvite MtrtciMi 


13+ 

5+ 

19+, 3± 
10 +, 1 ± 
5+, 2± 
4-h 

I0+, 1± 
Udr 


as possible, in many cases until near death, on the e cie 
to -meffecOve” vilamM (T.bte VI) .mmU 
of deficiency, showed, markedly, the gross symptoms associated 
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particular deficiencj’ In this catcgorj' of “ineffective” vitanuns are- 
pjTido\ine, pantothenic acid, biotin, and vitamin A (Table VI) 

Both male and female rats have been mcluded m the vanous groups of 
deficient animals These haAc reacted similarly in all cases, mdicatmg 
that sex does not plaj an 3 ’’ essential r61e in estradiol inactivation m hver 
slices There docs not appear to be anj' difference in estradiol-inactivatmg 
abilitj m In er vithin 26 to 154 daj s 
The effect of restricted protem mtake upon estradiol-mactivatmg abihty 
IS under m\ estigation as n ell as a more detailed investigation of the enzyme 
systems iniohed 


DISCDSSION 

Our results clearlj demonstrate that, of the \atamms tested, nboflavin 
and thiamme are essential m the metabolism of estradiol by hver slices 
The mactivation of estradiol is dependent upon the concentration of these 
vitamms m the In er 

In View of the work of Wcsterfeld (11) on chenucal oxidation of estrogens 
nnd of his v ork (12) on its oxidation by tjTOSinase, it seems possible that 
these Mtamms may be mvolved m estrogen metabolism through their rdle 
as members of an oxidatn e enzjmie sj'stem The recent report by Schiller 
and Pmeus (13) of the recovery of vanous estrogemc matenals of lower 
potency after the pei-fusion of estradiol through heart-lung-liver prepara- 
tions IS not mconsistent with such a hypothesis Any oxidation or reduc- 
tion product of the estrogenic matenal, whether active or mactive, would 
fit equally ell mto any scheme involving the vitamms as members of such 
a metabohe system 

The presence of excess free estrogen may be associated with a number of 
chnical syndromes A relation of those manifestations to nutntional 
eficiency is supported by the v, ork of Biskmd and our findmgs In this 
connection it is mterestmg to note that Ashworth and Sutton (14) have 
reported that estrogens either mcrease the demand for or suppress the 
of members of the vitamm B complex m human patients 
island, Biskmd, and Biskmd (15) have recently presented evidence that 
certain gynecological conditions are associated with nutntional deficiencies 
su respond to vitamm B complex therapy 

SUMMAKY 

biver slices from nboflavm- and thiamme-deficient rats are unable to 
inactivate estradiol under conditions m which shoes from controls on the 
ame diets, but receivmg adequate amounts of these vitamms, possess this 
^c ivity This loss of mactivatmg abihty parallels the change of nbo- 
C’^nn and thiamme content m the hver P 3 Tidoxme, pantothemc acid, 
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biotw, and vitamm A deficiencies have no effect on estradiol inactivation 
under the same conditions 
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THE PROTEIN-FORIMALDEIIYDE REACTION 
I COLLAGEN 
Bv EDWIN n THEIS 

(From the Biochcmietry Dtvmon, DepartmM of Chemistry, Lehigh Vnivcrsity, 

Bcihlchcrn) 


(Rcccncd for publication, March 8, 1914) 


A careful study of the litonitvirc relating to the reaction between the 
fibrous proteins and formaldehj dc suggests that some diver^nce o opmon 
exists Hams (11) and Birch and Hams (4) in 1930 shotted that the 
titration of ammo acids, t\ ith hydroclUonc acid m the presence o orma 
dehjde, is not afTected, tthile the titration ttith sodium j ro\i e 
markedly affected Hams explained this phenomenon as t e repression 
of acidic groups upon acid titration and the repression of basic groups upon 


alkaline titration , 

Using the zmtter ion concept of Bjerrum (5), tve would t len no esp 
formaldehyde addition to affect m any way the acid titration of a protem, 
while we would expect it to influence the alkalme titration, smee in e 
alkaline zone the formaldehyde undoubtedly reacts m some manner 
the available free and uncharged ammo groups Thus, this concept w ou 
lead us to expect little or no shift m the isoionic pomt of the protem upon 


treatment ivith formaldehyde j t tb 

Tomiyama (26) believes the aniomc form of the ammo acid reac s vn 
the formaldehyde He also considers the protem-formaldehyde reac ion 
m terms of the electromc theory He pictures the formalde y c ^ 

dipolar molecule, +CHjO~, and smee the ammo or immo group o e 

amonic form of the amino acid has 2 unshared electrons, the two compo- 
nents react to give the accompanying formula 


H H 

C N + +CH,0 C N CHiO 

S H 

h«vy and Silberman (15) have shoivn mathematically from their studies 
that 2 molecules of formaldehyde combme with 1 molecule of 
^rgmann et al (3) have isolated a triformyl compound and , 

that the tnformyl derivative changes to the monoformyl upon a lo 

alkah 

Berner and Marton (16) postulated the followmg reaction between pro- 
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Stiasnj further suggests that the free ammo groups of the gelatin react 
rapidh, uhile tiie peptide groups onl 3 ' do so griduallj’’ He believes that 
the action of the formaldch 3 de on the basic groups is such that not onl 3 ^ the 
acid and base fixation capacitx is influenced but also that of the fixation 
of tanning materials and d^cs 

Since 1936 a numbei of papeis, dealing uith the leaction of the fibrous 
proteuis and foimaldch 3 de, haxe appeared m the hteratuie Theis and 
Schaffer (21) studied the collagen-formaldch 3 'de reaction thiough a quanti- 
tatne measurement of the breakdown of the internal structural forces as 
indicated bv the change m “shrinkage” temperature This work was fol- 
lowed b 3 se\eral additional papers (23, 22, 20, 19) relative to the actual 
fixation of formaldeh 3 de b 3 ' collagen In 1939 Highberger and Retzsch 
(12) and m 1940 Highberger and Salcedo (13) investigatfed this reaction 
in a comprehensu c mannei Bowes and Pleass (6), Holland (14), and 
Gustavson (10) have also studied this reaction m recent 3 'ears 

EXPERIMENTAL 

Speciall 3 f prepared collagen matenal was used for the expenments The 
preparation of the collagen has been previously desenbed (21) 2 gm 

samples of the collagen were placed m bottles together with 200 ml of 
0 1 N KCl solution made 1 per cent with respect to formaldehyde and then 
the senes of samples was adjusted to definite h 3 'drogen ion concentrations 
with either h 3 'drochlonc acid oi sodium hydroxide The range covered 
" as from pH 1 0 to 13 0 The bottles and contents w'ere placed m a thermo- 
stat mamtamed at 20° for 72 hours At stated penods, the samples were 
agitated m order to promote equilibnum After the 72 hour penod the 
pH at equihbnum was detemuned by means of a Beckman glass electrode 
assembly, the protem matenal was removed and pressed several times 
between blottmg paper at 10,000 pounds per sq m It has pieviously 
been shoivn that such pressure remoxms the free w'ater and an 3 free electro- 
lyte for all practical purposes We, therefoie, have assumed that all free 
formaldehyde is correspondmgly removed, leavmg behmd only that which 
>s firmly bound to the protein itself After being pressed, the protem- 
formaldehyde compound was allow'ed to dry m air, and was then ground 
in a small Wiley mill to a GO mesh powder The matenal w as then ready 
for analysis for nitrogen, for bound acid oi base, and for fixed formalde- 
yde The method used for the determmation of formaldehyde is that 
of Highberger and Retzsch (12) desenbed elsewhere The methods used 
or the nitrogen and for bound acid or base have been previously de- 
senbed (21) 

1 shows the data obtamed The senes of curves may be mter- 
Preted as foUows 

^^^nrve A represents the regular acid oi base fixation for the particular 
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of the back titration of histidine and of such a-amino groups as may be 
present, and a sharp point of inflection at pH 10 0, beginning the back 
titration of the e ammo groups of l 3 sine This curve is identical m trend 
Tnth those gi\en in earlier T\ork with the exception of the isoionic point 
which in this case is somewhat more acid 

Cune B represents the titration curve of the collagen-formaldehyde 
compound formed bj”^ the reaction of the collagen m a 1 per cent formalde- 
hjde solution Tins cune is identical with Curve A m the pH range 0 8 
to 9 0 There is no indication of a shift in isoionic pomt In the pH range 
9 0 to 11 0 more base is fixed than is the case for the native collagen, mdica- 
tne of the reaction between the e-ammo groups of lysine and formaldehyde 
Cunes A and B merge at pH 12 0 and approach a maximum value 

Cun’e C represents the acid or base bound by the collagen-formaldehyde 
compound formed m a 5 per cent formaldehjde solution This curve is 
also identical ivith that of Curve A in the pH range 0 8 to 7 0 and definitelj'" 
shows no shift m the isoionic point of the collagen Howfevei, ownng to 
the large excess of formaldeh^'de present during the reaction, more base is 
fixed m the pH range 7 0 to 9 0 

CuH'e D represents the formaldchj'de fixed by collagen m a 1 per cent 
formaldehyde solution over a wide pH range These data mdicate about 
0 15 milhequivalent of formaldehyde fixed at pH 1 0, thereafter increasmg 
almost as a straight line function to 0 43 milhequivalent at pH 6 5 or at 
the isoionic pomt At the isoionic pomt, there is a very definite break in 
the curve, the fixed formaldehyde increasing to approximately 0 5 milli- 
equivalent and then remammg essentially constant from pH 7 0 to 9 5 
At pH 9 5 there appears another break, the fixed formaldehyde mcreasmg 
sharply at this pomt and contmumg up to pH 11 5, at which pomt approxi- 
wately 0 87 milhequivalent of aldehyde is bound An apparent break in 
the curve occurs at pH 115, mdicative of another reaction 

Curve E represents the formaldehyde fixed by collagen from aO 25 per cent 
aldehyde solution The curve shows a marked break at pH 9 5 and only a 
slight mdication of a plateau region, but gives approximately the same 
aldehyde fixation at pH 12 5 as does Curve D 

Curve F represents the formaldehyde fixed by collagen from the 0 5 
l^r cent solution This curve shows a slightly lower aldehyde fixation m 
the acid zone compared with Curve D, a plateau m the pH zone 8 0 to 
9 5, and approximately the same aldehyde fixation as is showm by Curve 
D at pH values greater than 9 5 

Cunres G, H, and I represent formaldehyde fixation by collagen at the 
“gher concentrations of formaldehyde, le, the 2, 3, and 5 per cent formal- 
dehyde solutions Curves G and H show a defimte pomt of mflection and 
even mdications of a plateau m the pH range 6 5 to 8 5 These curves 
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.t pH 7 0 and a n.^™” «L"?' “““■,r“‘ ‘ 
dehyde fived at pH 12 0 Ounces G H nnrl\^ ^“^equivalents of formal 
m aldehjde fixation at pH values greater than ip^n 
m formaldehyde concentration beS^of the 
aldehyde itself at strong alkaline reactioL ^ ^e™ 

discussion 

curves occurs at a formal? K 0 to 8 0 m their pH formaldehyde fixation 

colCn Tbs a,uc ^ “^'Pergm of 

to be presentm ctwt ^aim, is close to the amount of lysmelXed 
break renresents the i investigators state that this particular 
formSdet ih to “ t“e reaction of 1 mdecule of 

and therefore o-nn P^°'''“ed by the lysine residues 

grouDS are invni ^““’“^tive that only the undissociated amino 

mcreSe m foTtdeh h s " 

fixation mHi fh f ^ ^ f^ation at pH values greater than 8 0 represents 
Nation with the stronger basic guamdino groups of argmme This argu 

Ij'sine are^ 12 5 and 10 5 respectively They also pomt out that gieater 
^ formaldehyde cause a reaction between the excess formal 

i -e and the immo hnkages oumg to their lesser basicity 
•ut ^ ®''^enmental data given m this paper are not m Ime with those 
obtamed by either Highberger and Retzsch or by Bowes and Pleass High 
ergerjind Retzsch show a possible but mdefinite plateau zone m the pH 
range i 0 to 8 0, while the writer shows a cleaJy defined plateau m the pH 
zone 6 9 to 9 4 The explanation given bv Highberger and Retzsch is 
that at the particular break m the curve tne e-ammo group of Ij'sme has 
completely reacted mth formaldeh 3 'de '’'he data given herem do not m 
any way support such an mterpretation The data given by Bones and 
Pleass show a well defined maxunum at pH 1 5, a minimum at pH 3 5, a 
constant fixation or plateau region at pH 5 0 to 11 0, a slight depression m 
fixation at pH 110, which they claim is real, and a sharp increase m fi-xa 
tion at pH 12 0 The data obtamed by Highberger and Retzsch and b> 

Bowes and Pleass are quite different from those given by us The differ 
enc^ IS due imdoubtedlj’’ to the ex^perimental methods used After treating 
the collagen with formaldehyde, Highberger and Retzsch thorough!) 
washed the collagen-formaldehyde compound either with water or with 
dilute sodium bisulfite solution The wnter beheves that this washing 
gave nse to erroneous and erratic results and that the final picture as 
obtamed by Highberger and Retzsch does not represent the true one 
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It must be borne m mind that the protem-formaldchyde reaction is a 
reversible one, the protem-formnldeh}'dc compound bemg readily affected 
by any changes in hj drogon ion concenti ation, formaldehyde concentration, 
or other external conditions That this is true can be readily seen from 
Table I, which shows the change in fixed formaldehyde of the collagen- 
formaldehyde compound formed in a 1 pei cent formaldehyde solution at 
pH 11 0, (a) when it is placed m water at pH 8 0, (h) when it is placed m 
water at pH 2 0, and (c) w hen it is heated at 105° for 12 hours These data 
show definitely that the collagen-formaldehyde compound is to a large 
extent reversible Therefore, washmg the compound after treatment with 
water can only jneld erroneous values for fixed formaldehyde 
As an mterpretation of the data given m Fig 1, the WTiter suggests that 
in the pH range 1 0 to 6 4 the formaldehyde reacts wnth the shghtly basic 


Table I 

Formaldehyde Ftxalton Revermbihly 



CKiO* 

H*orOH-* 

Treated at pH 11 Of 

0 85 

-0 33 

" " " 11 0, then placed in w ater at pH 8 0 

0 47 

-0 11 

ft Q ft n tc fi f* ff 2 0 

0 29 

+0 94 

" " " no, " heated at 105“ 

0 70 

-0 34 


* 1 per cent CHiO at pH 11 0 for 72 hours 
t Millimoles of CH O.H-*-, or OH” fixed per gm of collagen 


innno groups present m the peptide cbams m such a manner as to form 
linkages or bonds between the polypeptide chains 

\ / \ / 

NHHN + CH.O N— CHi— N -h H,0 

/ \ / \ 

In this manner additional cohesive bonds or bridges are built up, thus 
giving mcreased resistance to contraction or shrmkage At pH 6 4, formal- 
dehyde reacts with histidme, givmg rise to the plateau zone at pH 6 9 to 
9 4 The WTiter is well aware that there exists some difference of opmion 
whether the imidazole group of histidme reacts with formaldehyde (9) 
Howevei, the present mvestigation appears to lend support to the view 
that such a reaction may take place, since m this particular pH range 
histidine is normally titrated back, as can be seen from a study of the 
acid-base bindmg data for collagen As the pKs value of lysme is ap- 
proached, we might expect the e-ammo group of lysme as it changes from 
~'NHj+ to — NHo to react with formaldehyde This appears to be the 
act, as a study of Curve D, Fig 1, shows that at pH 9 2 mcreasmg fonnal- 
chyde fixation occurs This mcrease is positive and approaches a defi- 
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Rite point of inflection at pH 115 The mcrease in formaldehyde fixation 
betiveen pH 9 2 and 11 5 is about 0 40 mw per gm of collagen and approxi 
mates the lysme content (0 38 mw per gm ) of collagen Such data and their 
mterpretation indicate that the very basic guanidmo group of arginme does 
not react to any great e\tent m the pH range studied The wnter beliei es, 
houever, that if it ivere possible to study the reaction of collagen with 
formaldehyde at pH values greater than 12 0 iie would find a further 
mcrease m formaldehyde fixation, r e , a bmdmg with the guanidmo group 
of argmme The Cannizzaro reaction prevents such an mvestigation 
Curve I (Fig 1) represents data secured when a large excess of formalde 
hyde is present dunng the reaction These figures show that in the pH 
range 1 0 to 7 0 formaldehj de fixation is mcreased and must be due to a 
mass action effect, the aldehyde in all probabihty combmmg with a greater 
number of the weakly basic immo groups of the pol 3 'peptide cham In 
the pH range 7 0 to 12 0, about 0 80 mM of formaldehyde has become fixed 
This \alue represents approximately twice the lysme content of collagen 
and thus leads us to behove that 2 molecules of formaldehyde are fixed b\ 
each undissociated ammo group of lysme, 


— NH, + 2CH,0 — N 


/ 

\ 


CH.OH 


CH.OH 


foimmg a dimethylol compound Curves G and fl, representmg data for 
the collagen-formaldehyde compound formed upon treatment of collagen 
■with 2 and 3 per cent formaldehyde solution, show m general the same 
trend These two curves merge wnth Curves D and F at pH i alues ess 
than 6 0, show' a plateau at pH 6 5 to 9 0, and a sharp mcrease m forma e 
hyde fixation up to pH 12 0 Curve E represents data for the co agen 
treated ivith 0 25 per cent formaldehyde solution and shows only a sig 
mdication of a plateau zone, but there is a definite mdication of reac ion 
of formaldehyde wnth histidme Cun'es D, E, and F show 
the same trend and amount of formaldehj'de fixed m the pH ^ 

12 0, mdicative of a stoichiometric cheimcal reaction, te , the xa lo 
1 mole of formaldehyde w ith each €-anuno group of lysme ^ 

In previously published w'ork, Theis el al (25) have postu a > 
the pH range 1 0 to 6 0, formaldehyde bmds wnth the weakly 
groups of the polypeptide chams and not xvith the e-ammo 6^°“P 
It IS certamly to be expected that with this preparation of co a^ > ^ 

an isoionic pomt of 6 4, the basic groups would exist for e 
the charged state at any pH value less than 5 0 Under , ^^,^5 

the basic groups of lysine and argmme would exist m 
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form and the electronic pair of the nitrogen atom would not be available 
for formaldehyde fivition smee it already is coordinated ivith the hydrogen 
atom Thus the accompan 3 nng reaction should not take place, since in that 

11 H H H 

n N H + CO » R N C 0 + H+ 

H H H H 

I 

case the ability to bind H+ ions iv ould be affeeted A study of Curve A of Fig 
1 shows that the H+ lon-bmding capacitj’’ of collagen is unaffected by forra- 
aldeh} de fivation The preceding interpretation is supported by Atkm (1) 
In a discussion of his investigation dealing with the deammation of col- 
lagen, he states, "As a consequence we should expect the part of the curve 
correspondmg to the back titration of the basic groups of Ij^sine to dis- 
appear This is between pH 9 0 and 10 0 and it is evident that in de- 
aminized collagen this part of the curve has disappeared ” In Curves D, 
E, and F of Fig 1, the pait of the curves representmg the back titration 
of the lysme has not disappeared 

Theis and Esterly (20) have in the past used "shrmk temperature” as a 
criterion for protein stabilization “Shrink temperature” has been defined 
as the pomt at which the mcreasmg disruptive tendencies exceed the dimin- 
ishing cohesive forces, thus the “shrmk temperature” is actually a measure 
of the structural strength of the collagen expressed in arbitrary units 
Smee x-ray data for collagen have shown that this piotem exists m the 
native state as an extended polypeptide chain, it is evident that the chain 
may contract upon itself Collagen in the moist state shows a shrinkage 
temperature of approximately 58° If the collagen is treated wnth reagents 
which enter mto combination w'lth its reactiv'e gioups, this shrmkage tem- 
perature may decrease or mcrease Collagen treated with formaldehyde 
at various pH values shows an increase m shrmkage temperature at prac- 
tically all pH values Fig 2 shows such data for this particular collagen 
Cune A represents the shrmkage temperature of native collagen, merely 
treated with aqueous acid or alkali This curve mdicates a shrmkage tem- 
perature of 57-58° in the pH range 0 0 to 9 5 At pH values less than 6 0 
or greater than 9 5 decreased stiUctural stability is evident Curve B 
represents data for collagen treated at various hydrogen ion concentrations 
hut m this case the acid or base solutions contamed 0 5 per cent of form- 
aldehyde A stnkmg difference is apparent At all pH values the shnnk- 
age temperature has definitely mcreased This mcrease is particularly 
notable at pH values greater than 4 0 There are defimte pomts of mflec- 
hon at pH 7 0 and pH 8 0 Curve C lepresents data for a 1 per cent 
formaldehyde solution, w hile Cuiwe D is that for a 5 per cent formaldehyde 
solution Cun e C shows a slight mcrease m shrmkage temperature over 
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that sho'vvn by Curve B and m line vnth the curves given in Fig 1 In the 
pH range 1 0 to 6 0, Curve D shows a decided increase in structural sta 
bility over that shomi in either Curve B or C, again in line with formalde- 
hyde fixation data given m Fig 1 It is to be particularly noted, however, 
that in the zone pH 8 0 to 12 0 all three curves meige Such trends would 
seem to mdicate two different and distinct chemical reactions, the one 
taking place over piactically the whole pH range being especially noticeable 



jiH valva of Ireatnent 

Flo 2 CompariBon of the shrinkage temperature of native collagen nitli that of 
fonnaldehjde-treated collagen 


on the aud side of the isoiomc pomt, and the other taking place at p 
values gi eater than 8 0 This senes of cun'es for shrmkage tempera ure 
lends suppoi t to the suggestion that, in both the acid and alkaline zone , 
it IS the reaction of formaldehyde with the weakly basic inuno poups 
the polypeptide chains that gives to the collagen its thermo a ‘ ^ 
measured by the shrmkage temperature fii the alkaline zone, 
maldehyde undoubtedly binds with the free basic groups of lysme 
tion to the immo groups 
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susfMAnr 

The coUagen-formaldehj de reaction has been discussed m detail It has 
been shown that the fixation of formaldehyde wth collagen in no way 
affects the acid-bmding capacit}' of collagen but does affect the base- 
bmding capacitj No shift m the isoionic pomt could be demonstrated 
as due to fomialdehj'dc fixation Correlation between data for shnnkage 
temperature and forninldeh}’'de fixation is shown 
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In Paper I (4) the collagen-formaldehyde reaction has been discussed 
In that work it ^\as shoim that formaldehyde fixation with collagen in no 
way altered the acid-bmdmg capacity of the protem or the isoionic pomt 
In 1942-43, Theis and Jacoby (5, G) discussed the acid-base-bmding of 
collagen and for that nork used a technique uhich they beheved gave a 
true picture of the nature of the acid and base bmdmg of this particular 
fibrous protem This nork was then extended to cover the acid and base 
bmdmg of collagen m the presence of formaldehyde 
Stemhardt and Hams (3) m 1940 studied the combmation of wool pro- 
tems with acid and base For this study they used a highly purified wool 
m contact with hydrochloric acid and with potassium hydroxide For 
detennmmg the acid or base bound, titration and potentiometnc methods 
were used They found the maximum acid bound to be 0 82 mM per gm 
and the maximum base bound to be greater than 0 78 mw They found 
that when salt is present the amount of acid or base bound changes with 
pH gradually, that there is no wide zone in which combmation fails to take 
place, and that the pomt of zero combmation occurs sharply at approxi- 
mately pH 6 4 


EXPERIMENTAL 

For the present study wool, thoroughly degreased through many changes 
of acetone, washed, pressed free from water, and then again dehydrated by 
acetone, was used 

2 gm samples of the purified wool were placed m small bottles and 200 
ml of various concentrations of hydrochloric acid or potassium hydroxide 
solution, 0 1 N with respect to KCl, were then added The concentrations 
Were such that at equihbnum the pH values would vary between pH 1 0 
and 12 0 The bottles and contents were then placed m a thermostat 
nmmtamed at 20° for 72 hours After equilibrium had been attamed, the 
pH Was measured by means of a Beckman glass electrode assembly The 
Wool samples were then pressed several times at 10,000 pounds per sq m 
m a Carver press After bemg pressed, the wool samples were air-dried, 
ground m a small Wilej' mill, and were then analyzed for mtrogen, and 
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a„.d aad base bo»d The — f/' -TaX" - ^ 
(S') The data are shown m Curve A ot i?ig 

base-bmdmg capacity of the pun e woo punfiedwool 
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DISCUSSION 

Fig 1 pictures the complete data for the acid- and base-bmdmg capacity 
of purified nool, the acid- and base binding capaeity of formaldehyde- 
treated wool, and the formnldeh 3 de fixation bj wool over a wade pH range 
The data maj' be interpreted as follows 
Cun^e A represents the normal titration curve of wool keratm and is 
similar to ounces obtained by Stemhardt and Harris This curve shows a 
maximum acid fixation of about 0 83 milhequivalent per gm of protem at 
pH 1 0, an isioinic or zero-binding point at pH 6 1, a plateau region at pH 
7 0 to 9 5, bmdmg approximately 0 10 milhequivalent of base in this range, 
a sharp point of inflection at pH 10 5, and at pH values greater than 10 5 
a sigmficantl}’’ increased base-binding pow'er 
Cun e B represents the data for the formaldehyde titration curve This 
curve IS identical wnth Curve A m the pH range 1 0 to 9 5 At pH values 
greater than 9 5, slightlj' more base is bound This curve shows an indica- 
tion of a maximum base binding at pH 12 0 Owmg to the t 3 mosine and 
cystme content of keratin, comphcations occur in the high alkalme zone and 
somew'hat unsatisfactory values for maximum base fixation are obtained 
For this reason more alkaline solutions were not used m this mvestigation 
Curve C indicates the formaldehyde fixed over the pH range studied 
Up to and including pH 6 0, 0 32 milhequivalent of aldehyde is bound At 
pH 6 0 an mcreased binding takes place, rising to 0 4 milhequivalent at pH 
7 0, then remainmg essentiallj’’ constant until pH 10 0 is i cached At pH 
Values greater than 10 0, a definite increase in aldehyde fixation occurs, 
approachmg a maximum value of 0 82 milhequivalent at pH 12 5 
Stemhardt and Hams (3) list the reported acidic and basic ammo acids 
of wool and these data are shown m Table I 
The sum of the argmme, lysme, and histidine equals 0 856 mM per gm 
and the maximum acid bound shown m Curve A is 0 83 msi, w^ell m line 
■"ith the calculated values This value compares extremely well with that 
of 0 82 nui obtamed by Stemhardt and Hams usmg an entirely different 
method The data m the pH zone 7 0 to 10 0 are also well m hne with the 
results obtamed by Stemhardt and Hams The pomt for zero bmdmg 
occurs at pH 6 1 as agamst the value 6 4 obtamed by Stemhardt and Hams 
Smee the data shown m this paper were taken only m the pH range 1 0 
to 12 0, the maximum base-bmdmg capacity cannot be determmed from 
the curves m Fig 1 However, up to pH 12 0, the alkali bmdmg is of 
about the same order as that obtamed by Stemhardt and Hams 
Curve B of Fig 1 mdicates that the acid-bmdmg capacity of the wool 
eratm is not affected by formaldehydq„treatment The pomt of zero 
combmation or isoionic pomt is^iamcri'wa.^sEifted psymg to formaldehyde 
fixation 
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The data for formaldehyde fixation of wool keratm are of about the samp 
order as those obtaipmg for collagen Curve C mdicates that at a pH value 
correspondmg to that of zero acid or base bmdmg the formaldehyde fixation 
curve shows a defimte pomt of inflection The plateau zone of formalde- 
hyde fixation, pH 6 2 to 9 5, corresponds to a similar zone of base fixation, 
as shown m Curve A The writers do not beheve that the formaldehyde 
fixed m this zone corresponds to a reaction with the e-ammo groups of the 
lysme residues, smce these groups are fully regenerated only m a pH range 
greater than 11 0 The upward sweep of Curve C at pH 11 0 would seem 
to substantiate this conclusion 

The calculations of Stemhardt and Hams shoiv about 0044 mu of 
histidme per gm of keratm The mcrease m fixed formaldehyde between 
pH 6 1 and 8 0 corresponds approximately to 0 05 mw and therefore the 


TABtE I 


Acidic and Basic Ammo Acids in Wool 



per cent 


1 Aspartic acid 

7 27 


Glutamic " 

16 27 


de nitrogen 

1 37 

0 978 

i) -k (2) - (3) 


0 602 

Argimne 

10 20 

0 686 

6 Lysme 

3 30 

0 226 

6 Histidme 

0 66 

0 044 

(4) -k (5) -k (6) 


0 866 

(1) -k (2) - (3) -k (4) -k (5) + (6) 


1 458 

7 Tyrosine 

6 80 

0 320 


writer beheves that the increased fixed formaldehyde at this pomt cor- 
responds to a reaction between the imidazole group of histidme and the 
formaldehyde A similar suggestion has been postulated m a previous 
study dealmg wuth collagen (5, 6) 

The formaldehyde fixed m the pH range 1 0 to 5 0 the writer believes is a 
reaction between formaldehyde and the acid amide groups, or the inuno 
groups of the polypeptide cham, or possibly both This same reaction 
obtams over tbe entire pH range but is distmctly noticeable m the aci 
zone At pH values greater than 6 1, m addition to fixation at the 
or amide groups, mcreased fixation occurs as the imidazole group o 
tidme gives up a proton and agam at pH 10 6 as the e-ammo ^oups o 
lysme are regenerated from their conjugate acid forms through the oss 

a proton , , ^ fl S 

In the specific case of collagen, the formaldehyde fixed between p 
and 12 0 corresponded to 1 mole of formaldehyde with each e-ammo gr 
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of lysine Such is not the case for the wool keratin in this pH range A 
greater amount of fonnaldeh 3 'de is fixed (0 42 mM) between pH 9 5 and 
12 0 than the lysme content (0 23 mM) of the wool keratm would account 
for This IS undoubtedly duo to a reaction of the formaldehyde with the 
sulfur groups of the keratm as postulated by Ratner and Clarke (2) These 
investigators have shown that for cysteme denvatives formaldehyde may 
react as follows 

CH,SH CH,— S— CHjOH CH,— S 

\ 

CHt 

/ 

CHNH, + CH,0 -♦ CHNH, -v CH— NH 

1 I 1 

COOH COOK COOH 

A reaction of this type might well account for the mcreased formaldehyde 
fixation over that obtammg for lysme, m the pH range 9 5 to 12 0 

It appears highly improbable that the guanidmo group of argmme reacts 
with formaldehyde to any extent m the pH range studied, smee it only di- 
sociates at pH values greater than 12 0 

SUMMARV 

The acid- and bose-bmdmg capacity of purified wool keratm has been 
studied by an entirely different method from that generally used m such 
an mvestigation The nature of the curve is similar to the titration curves 
obtamed by other investigators 

The acid- and base-bmdmg capacity of formaldehyde-treated wool 
keratm has been mvestigated and shows no change m the acid zone or at the 
kto combmation pomt 

The formaldehyde fixation by wool keratm is given and is somewhat 
similar to that obtained for collagen An interpretation of the data is 
given 
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A COmTENIENT METHOD FOR THE PREPARATION OF 
SYNTHETIC XANTHOPTERIN* 

Br JOHN R TOTTER 

(From the Department of Phystologteal Ckcmtalry, School of Medtetne, Umverttty of 
Ar) aneas, Little Rock) 

(Received for publication, March 13, 1944) 

It IS now -nell established that xanthopterin is a hematopoietic substance 
(1-4) probably closely related to vitamin M (3-6), folic acid (7-10), and 
vitamin Bj (11) The physiological importance of such a substance makes 
a practical method for its sjmthesis of considerable mterest 
At the present time there are three methods available for the synthesis 
of xanthoptenn but all suffer from serious disadvantages The ongmal 
Purrmann synthesis (12) is claimed by the author to give a yield of 6 per 
cent m two steps 'UTiiIe such yields have occasionally been obtamed m 
this laboratory, the usual yield is only 2 or 3 per cent Purrmann has 
also published a second method (13) but m this one, as m that of Koschara 
(14), starting materials are used which are not readily available 
Wieland and coworkers (15) stated that leucoptenn, which differs from 
xanthopterm only m havmg an additional oxygen atom, was unaffected 
by reducmg agents With the synthetic compound (16) it has been found 
in this laboratory that leucoptenn is readily reduced by sodium amalgam 
to form xanthopterin and dihydroxanthopterm m excellent yield Smce 
dihydroxanthoptenn is always formed under the conditions that have been 
investigated, it was found more convenient to use an excess of reducmg 
agent, so that dihydroxanthopterm is the chief end-product The latter 
compound may be converted to xanthopterm with httle loss by oxidation 
with silver nitrate m alkalme solution Purrmann has previoudy reported 
the synthesis, by another method, of dihydroxanthoptenn and its conver- 
sion to xanthopterm by catalytic oxidation (13) 

expeeimental 

Leucopterm was prepared foi the reduction by heatmg 6 3 gm of 2,4,5- 
namino-6 hydroxypynmidme bisulfite (4, 17) with 25 gm of oxalic acid 
ydrate to 160-170“ for 2 hours After coolmg, the crude substance was 
“Solved by warmmg with 90 to 100 cc of 3 n KOH and the resultmg 
so ution Was poured slowly mto 150 cc of boilmg 4 N HCl After the 
so ution had boiled for a few mmutes, the leucopterm v as centnfuged m 

sun paper No 538, Journal Series, University of Arkansas This work was 

ported In part by a grant-in-aid from the Nutrition Foundation, Inc , New York 
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100 cc centrifuge tubes and washed three times with water by centnfuga 
tion The precipitate was all transferred to one tube for the final washing 
After centrifugation excess water was dramed from the leucopterm and 
20 gm of 2 per cent sodium amalgam added to the sermsohd precipitate in 
the centnfuge tube After the reaction mixture cooled, further 20 to 30 gm 
portions of sodium amalgam were added at mtervals of about 5 minutes 
until 120 gm had been used The mixture was shaken dunng the reaction 
and for 10 mmutes additionally, or until the tube cooled The crystalline 
sodium of salt of dihydroxanthopterm began to separate almost at once 
This suspension was then used either for the isolation of dihydroxan 
thopterm or for the preparation of \anthopterm 

Xantho'plenn — The suspension of sodium dihydroxanthopterm was sepa 
rated from the mercury and the mercury washed with water The wash 
mgs were added to the suspension and the lattei diluted to about 150 cc 
Upon bemg warmed, the suspended matenal went mto solution To this 
warm solution (50-60°) 100 cc of water containmg 15 gm of silver nitrate 
were added slowly ivith vigorous shakmg After standmg for 1 hour at 
room temperature the volummous black precipitate contammg the xan 
thoptenn was centrifuged off and washed once ivith water The xanthop 
tenn was extracted by treatment of the precipitate with 240 cc of 1 n 
HC l, centrifugation, and reextraction of the residue witli two additional 
80 cc portions of 1 n HCl The combmed supernatants were saturated 
ivith sodium acetate and the xanthoptenn separated out m its charactenstio 
lemon-yellow amorphous form After bemg centrifuged and washed twice 
the compound was redissolved and reprecipitated as before, and then 
washed four times m the centnfuge Air-dry yield 1 6 gm , 31 per cen 

of the theoretical based on the 2,4,5-tnammo-6-hydroxypyrunidme bisu 

fite used The yield, based on the leucopterm, is above 50 per cent 
The compound prepared thus is identical ivith xanthopterm prepare 
by Purrmann’s method, as shown by its absorption spectra' (Fig 1) a" 
by its fluorescence characteristics The biological activity of xant 
prepared from leucopterm was determmed by feedmg it to a vitamm 
cient monkey and by mcubatmg it wnth fresh rat liver by the ° 
Wright and Welch (8) Both tests show ed it to be as actn e as xant op er 
prepared by Purrmann’s method ,jjg 

Dihydroxanthoptenn — ^For the preparation of dihydroxanthop enn 
suspension of its sodium salt as obtamed above was diluted to ^ gj 
heated until most of the material dissolved A slight residue 
by filtration The clear yellow filtrate was acidified wath y ro 

‘ The author is indebted to Joseph L Ciminera of Sharp and Dohine, In , 
spectrophotometnc analyses 



J n TOTTtR 


107 


acid and, after being cooled, the scniicrystalline precipitate was removed 
by centrifugation yVfter tliorough washing in the centnfuge the crude 
dih) droxanthoptenn was recrj stalhzcd from boilmg 10 per cent sodium 
carbonate solution After being cooled, filteied, and thoroughly washed 



1^0 1 Absorption spectra of xanthopterin prepared from synthetic leucoptenn 

the material was dned at 110'’ for microanalysis ^ Yield, 1 6 gm Cor- 
rected for a small amount of ash, the results were as follows 

C,H,OiNs Calculated C 39 77, H 3 90, N 38 67 
Found " 39 07, '' 3 93, " 37 16 

Bihydroxanthoptenn crystallizes from hot sodium carbonate solution 
or from hot dilute hydrochloric acid m spherical aggregates of colorless 
formed acicular crystals, which darken at 285° but do not melt under 
The substance is practically msoluble m neutral solutions but 
readily soluble m alkalies The sodium salt is sparmgly soluble m cold 5 
per cent sodium hydroxide, from which it separates m elongated prismatic 
needles wnth parallel extmction,/3 = 55°4' 

Alkahne solutions of dihydroxanthopterm absorb oxygen from the air 

‘Microanalysis by Dr Carl Tiedcke, New York 
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and rapidly reduce sodium hypobromite, alkaline silver solutions, cMor- 
amine-T, quinone, 2,6-diclilorophenol mdophenol, and methylene blue 

SUMMARY 

Xanthopterm and dihydroxanthopterm have been prepared m good yield 
by the reduction of leucoptenn 
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THE RELATION OF THE DIET TO THE COMPOSITION OF 
TISSUE PHOSPHOLIPIDS 


IV THE ACTION OF CHOLINE AND CHOLINE PRECURSORS IN 
WEANLING RATS* 

Hr WILLIAM H FISHMAN and CAMILLO ARTOM 

(From Ihc Department of Bwchemtstry, Bowman Gray School of Medicine, Wake Forest 
College, Winston-Salem, North Carolina) 

(Received for publication, March 3, 1044) 

In a previous paper (1) administration of cholme to weanlmg rats was 
reported to prevent both the fatty mfiltration and the low values of liver 
lecithms whieh are found m animals on an evperimental diet Investiga- 
tions m whieh compounds labeled with isotopes were employed have mdi- 
cated that methionme (2), ethanolamme (3), serme (4), and glycme (3) 
may be converted mto cholme Accordmgly, m the present study, it was 
thought Worth while to determme whether any of these substances could 
substitute for cholme m its effects on the liver hpids of weanlmg rats In 
order to msure an adequate supply of both “methyl donor” and “methyl 
acceptor" (6), the combmation of methionme ivith each of ethanolamme, 
serme, and glycme was also tested Moreover, as high levels of fat m the 
diet have been shown to mcrease the amount and the rate of formation of 
phosphohpids m the liver (6, 7), similar experiments have also been done 
m which the fat content of the iet was mcreased considerably 


EXPERIMENTAL 

Two experimental diets were employed, a low fat diet previously de- 
senbed (Diet 1 (8)) and a high fat diet (Diet 5) contammg casern (Labco, 
vitamm-free) 10 parts, Cnsco 25, cod liver oil 5, dextrm 27, sucrose 27, 
and otherwise identical with Diet 1 The supplements* (chohne hydro- 
chloride, ethanolamme, df-serme, dZ-methionme, glycme) were mixed m 
the diet Smee the daily food consumption was recorded, it has been pos- 
sible to calculate the actual amount of supplement mgested 
Weanlmg rats (25 to 35 gm ) were transferred from the nursmg mother 
to either the supplemented or the unsupplemented diets In most of the 
experiments, supplementation of the diet for 11 days was mitiated immedi- 
ately , m others a 7 day period was permitted to elapse beforehand * After 


1 ^ Brant from the John and Mary R Markle Foundation 

, Merck and Company, Inc , Rahway, New Jersey 

Bupplementation was the procedure used in our previous expemnents 
Weanling rats However, the present experiments, in which supplementation is 
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DliiT AND DHOSPHOUPIDS IV 


the experxmeutal penod was over, the animals were decapitated The hpids 
vere analyzed as previously described (9), except that m most cases the 
determinations were made on the pooled livers of two or more rats At 
least two analyses for each experiment were made Control groups in- 
cluded rats mamtamed for correspondmg periods on the stock diet and on 
the unsupplemented experimental diets The analytical valued are pre- 
sented m Tables I and 11 


Results 

Experiments with Immediate Supplementation — From Table I it is clear 
that the livers of rats on both Diets 1 and 5 exhibited values for total and 
cholme-contammg phospholipids which n ere markedly low as compared to 
results on control animals on the stock diet Supplementation of these 
expenmental diets with cholme did prevent to a considerable degree the 
low values of lecithms On the contrary, non-cholme phospholipids were 
significantlylowered, resulting m a higher percentage of chohne-containing 
phospholipid m the total phospholipids These results completely confirm 
our ongmal observations (1) 

Among the experiments wnth mdividual supplements (other than cholme), 
only m two expenments (Nos 8 and 21) out of seven (Experiments 8 to 11 
and 19 to 21) did the lecithins appear appreciably higher As for supple- 
mentation wnth combmations (Expenmente 12 to 14 and 22 to 24), a nse 
> the lecithm level was noticed in Expenments 14 and 23 only With 
>oth combmations and mdividual supplements, other than cholme, the 
level of non-cholme phospholipids remamed more or less normal The 
percentage of cholme-contaimng phospholipid in the total phospholipids 
here xxas uniformly low 

Values for total hpids and neutral fat were higher m the animals on the 
high fat diet than m those on the low fat diet It is clear that of the sub 

initiated after 7dajs on the expenmental diet, are more stnclly comparable with those 
on more mature rats In this presupplementation penod, it is conceivable thattte 
tissue reserves of various dietary factors may undergo a considerable depletion This 
would he m line with the finding of marked ehanges in the composition 
phospholipids after only 7 days (8), if actually this composition is controlled J 
some specific dietary essential The administration of this substance after e 
depletion penod should result in a return of normal phospholipid values Acco 
ingly, in our opimon, even a partial restoration of the normal levels following e- 
layed supplementation would be of greater sigmficance than the simple preven oo 
of the changes by immediate supplementation t, a de- 

* In the present expenments, the weight of the dry, lipid-free tissue has een 
termined and the lipid values calculated also on that basis As identical 
can be drawn from the data, referred to eithermoist or dry lipid-free tissue, e o 
method of presenting the results has been retained here 
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stances added to each diet onlj choline prevented the fat infiltration uni- 
forml} and eompletelj However, m three out of the four experiments 
with ethanolamine or the ethanolnminc-mcthionme combination, the 
amounts of non-phospholipid fatt3’’ acids were distmctlj' lower than m the 


Table I 

Action of Choline Precursors on Liter Lipids of Weanling Rats {Immediate 
Supplementation, Values for 1 Qm of Lipid-Frec Tissue) 

The supplementation was continued for 11 dajs 



Stock diet 



Diet 1 (low fat) 



1 76 107 9 23 4 11 3 18 3 12 1 69 7 7 8 

1 44 38 6 24 1 16 2 67 2 7 9 9 0 4 6 

1 61 76 0 27 8 14 0 50 4 13 8 36 4 8 2 

1 76 116 8 22 8 12 3 53 9 10 6 75 4 11 1 

2 03 140 1 20 6 8 7 42 2 11 9 102 4 6 9 

1 23 37 0 26 011 5 44 214 5 7 5 2 7 

1 78 183 6 21 6 9 1 42 1 12 5 138 1 10 1 
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Table I — Concluded 


Experi 

meat 

No 




1 

Body 

weignt 



Phospholipids 

a 

C3 

*3 

o 

Z 

Supplanentat 

rt 

•o 

tt 

S-S 

< 

5 

3 

a 

£ 

Liver weight 

Total Upids 


Choline* 

containing 

: Non cbolme 
containing 


l-i 

sS 

■ag 

art 

©•« 

Z 




Diet S (high fat ) — concluded 





tm 

tm 

tm 

gm 

mg 

mg 

mi 

per 

cent 

total 

phos 

pho~ 

U^s 


1 

mg 

mg 

19 

6 

Ethanolanune (25 
mg ) 

3 3 

31 5 

37 9 

2 13 

217 6 

25 7 

11 8 

46 9 

13 9 

158 0 

18 1 

20 

6 

Senne (62 mg ) 

4 7i 

35 2 

42 1 

2 52 

257 4 

25 2 

10 6 

42 1 

14 6 

199 0 

13 3 

21 

6 

Methiomne (28 

mg ) 

1 8^ 

28 6! 

29 8 

I 61 

136 0 

1 

26 2 

12 9 

49 2^ 

13 3 

95 8 

1 

4 4 

22 

6 

Methiomne (24 

mg ), ethanol- 
amine (19 mg ) 

2 2 

28 7 

33 3 

2 07 

86 3 

23 3 

1 

9 6 

40 8 

13 8 

63 3 

4 4 

23 

5 

Methiomne (24 

mg ), serine (24 
mg) 

2 4 

28 4 

39 6 

2 36 

227 3 

21 6 

12 7 

68 8 

8 9 

179 6 

8 2 

24 

6 

Methiomne (25 
mg ), glycine (25 
mg ) 

2 3 

30 4 

37 5 

2 13 

219 3 

23 2 

10 2 

44 0 

13 0 

171 6 

7 4 


‘Kidneys markedly hemorrhagic, Experiment 12 (six kidneys), slightly hemor 
rhagic. Experiment 22 (six kidneys) and Experiment 21 (one kidney) In none o' 
the other rats were macroscopic hemorrhages visible in the kidneys 

t The figures in parentheses indicate the average daily intake of the supplements 
j The range of the values for choline phospholipids, obtained in those groups of 
experiments in which at least four separate analyses were made, is reported here 
Experiments 1 to 3, 17 1 to 21 0 mg , Experiments 4 and 6, 10 2 to 14 6 mg , Experi- 
ments 6 and 7, 16 3 to 18 6 mg , Experiments 10 and 11, 8 1 to 10 2 mg , Experiments 
16 and 16, 9 6 to 9 7 mg , Experiments 17 and 18, 18 3 to 19 2 mg 


controls In one of these experiments (No 12) a level of neutral fat as low 
as m the cholme-supplemented groups was observed ^ With methionine 
alone or m combmation with serme or glycme, the values for non-phospho 
lipid fatty acids were as high or even higher than m the controls 

Larger amounts of unsaponifiable matter were often associated ivith t e 
presence of an extensive fat infiltration 

Expermenis with Supplementaiton after 7 Days on Experimental Diet 

* The rats in this group failed to grow This fact should be noted in view of a 
possible relationship between growth and fat infiltration of the liver (10) 
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Here (Table II) low lecithin concentrations were again found in the groups 
(E\penments 26, o and 27, o) on the unsupplemented diet Expenments 
26,0 and 26, h were run simultaneously, as w'cre experiments 27, o and 
27, b, 3 months later This time inten al may account for the variability 
of the data Howcier, in both expenments, choline admmistration re- 
sulted in values for lecithins distinctly higher than in the correspondmg 


Table II 

Effect of Choline Supplementation after 7 Days on Unsupplemented Diet (Values for 1 
Gm of Lipid-Free Tissue) 

The supplementation was continued for 12 dajs 


Expen 
raenl a 
No I 




2 a > 

(A« 


Stock diet 


g e- Choline 

^ ^ « conlAlning 





tm 

tm 

tm 

tm 

25 

6 

None 


30 I 

1 

59 2 

2 49 



Diet 1 QoVk fat) 


4 

None 

4 0 

5 

Choline HCl (43 

4 1 


mg ) 


6 

None 

3 4 

6 

Cholme HCl (40 

3 2 


mg ) 




The figures in parentheses indicate the avenge daily intake of the supplement 


hy each rat 


contiols Here, too, low values were found for non-cholme phospholipids, 
resulting in a higher percentage of choline-contaming phospholipid m the 
total phosphohpids The lipotropic action of cholme is clearly shown in 
both expenments 


DISCUSSION 

The followmg picture of the liver hpids was uniformly found m the 
"eanling rats on the two experimental diets when these were supplemented 
■"uth cholme a greater concentration of lecithms, a lower level of non- 
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cholme phospholipids, a higher percentage of cholme-contaming phospho- 
lipid m the total phospholipids, and much smaller amounts of neutral 
fats With none of the mdividual substances suggested as chohne pre- 
cursors which we have tested, could this complete picture be duplicated 
This Mas true in general also for the evperiments m which additional 
amounts of the methyl donor and methyl acceptor were supplied 

However, a relatively high lecithm level was found m Expenment 8, in 
which ethanolamme alone was given In this experiment, the percentage 
of cholme-containing phospholipid m the total phospholipids was not in- 
creased, a findmg which was not unexpected, since ethanolamme seems to 
be able to raise the concentration of non-cholme phospholipids (1) In 
most of the ethanolamme experiments, a more or less definite lipotropic 
effect w as obsenad On the w'hole, therefore, these results may be ex- 
plamed on the basis of a partial conversion of ethanolamme to cholme 

In the experiments wnth methionme,^ serme, and glycme, no lipotropic 
action was observed, and the changes m lecithms were of such a small 
magnitude that their significance must remain doubtful 

In Paper V of this senes an interpretation is offered for the differences 
m the results of the experiments m which cholme supplementation was 
begun immediately or after 7 days 

In conclusion, the results obtamed here illustrate a limitation m the 
physiological significance of data collected through the use of the isotope 
techniques In these latter studies, a relatively high proportion of cholme 
appears to be formed from some of its precursors (2-4) However, none 
of them, m the conditions of oui experiments, was capable of substituting 
effectively for cholme m its action on the liver hpids of weanlmg rats 

SUMMARY 

When weanlmg lats arc placed on an experimental diet, values for 
lecithms are found to be lower than normal and a fat mfiltration occurs in 
the livei These changes are preiented to a considerable extent bi the 
adramistiation of chohne 

The 1 dative abiht3 of I'anous suggested chohne piecumoi's to substitute 

‘ Theoretically, m order to supplj the same amount of methj 1 groups, 3 molecules 
of methionine for 1 of choline hydrochloride are required Consequently, asm e 
experiments on cholme supplementation 25 to 35 mg of chohne bjdrochlonde uerc 
ingested dailj , 75 to 105 mg of methionine should have been supplied However, 
the maximum amounts the rats could ingest without losing their appetite were 
to he 25 to 35 mg of dl-methionine daily These amounts correspon o ci 

(1 4 to 2 I percent, if the methionine content of the diet is included) nhich are grea 

than those (0 9 to 1 0 per cent) at which methionine was shown to be 
weanlmg rata fll) Investigations now m progress mnj provude an exp ana i 
this apparent discrepancj 
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for choline m Iheso effects has been studied The substances tested weie 
ethanolamine, df-mcthionine, df-senne, and gb'cine and some of their com- 
bmations With none of them eould the action of choline be duplicated, 
although ethanolamine, alone or together uith methionine, uas effectne 
to a certain extent 
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THE RELATION OF THE DIET TO THE COMPOSITION OF 
TISSUE PHOSPHOLIPIDS 

V THE ACTION OF CHOLINE, VITAMINS, AMINO ACIDS, AND THEIR 
COMBINATIONS IN TWO MONTH-OLD IUTS‘ 

Br WILLIAM H FISHMAN and CAMILLO ARTOM 

(from the Department of Biochcmxstry, Bowman Gray School of hfedtctne, Wake Forest 
College, Wtnslon-Salcm, North Carolina) 

(Rccei\ cd for publication, March 3, 1044) 

The possible e\istence of one (or more) dietary factor other than chohne, 
exerting a r61e m the formation of liver lecithms, has been pomted out (1) 
The present mvestigation represents an attempt to identify this factor 
With some known substances vhose deficiency m the experimental diet 
appeared likely 

In prenous experiments, the supplementation of the experimental diet 
with cystme or glycme (ammo acids whose content m the casern of the 
diet is x'ery low) did not restore normal values for liver lecithms m 2 
month-old rats This does not exclude the possibility that the combma- 
tion of these two substances vith chohne may be effective ' 

On the other hand, it may be that one or more of the B vitamins are the 
missmg dietary essential In this connection, a considerable decrease m 
the total phospholipids of various tissues, mcludmg liver, has been described 
m pigeons fed polished rice (8) and m rats on so called vitamm B-deficient 
diets (9) Indeed, there was the likelihood that Diets 1, 2, and 3 (10) con- 
tained inadequate amounts of some of the members of the vitamm B 
complex ® 

Aided by a grant from the John and Mary R Markle Foundation A prelum 
nary report was presented before the North Carolina Academy of Science (Forty- 
second annual meeting, April 30, 1943) 

'Many examples may be found in the literature which illustrate the effectiveness 
® the administration of combinations of substances rather than of the individual 
compounds Thus, chohne and cystine mixtures are more effective than choline 
s one in protecting rats on synthetic diets against liver necrosis and cirrhosis (2, 3) 
^0 in saving the lives of dogs which had received chloroform (4) In chicks on casein 
ets, various deficiency mamfestations are prevented and growth promoted by 
com inations of glycine and argimne with choline (6) or with cystine (6) or with 
cyetme and chondroitm (7) 

The approximate daily intake (calculated from the food consumption) of the B 
th stock diet was (according to the Arcady Farms Milling Company) 

amine 64 to 65 y, riboflavin 21 to 28 -y, pyndoxine 23 to 47 y, mcotinic acid 1440 
J P^ntothemc acid 200 to 257 y The corresponding amounts for the experimental 
^ thiamine 10 y, riboflavin 10 r, p 3 ^doxine 1 Y, mcotimc acid 

Vi pantothemc acid 1 y 
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Although there is no evidence in the literature of a r61e of vitamins E 
and K in phospholipid formation, the action of these vitamms has also 
been tested, as they, too, were probably deficient m our experunental diets 
The present experiments on liver lipids of 2 month-old rats comprise 
therefore, essentially, a study of the effects of cholme, cystme,’ glycine, 
and a muxture of pure B vitamms, separately and m combmation A few 
expenments on vanous other substances and some of their combinations 
have also been mcluded 


EXPERIMENTAL 

Male albmo rats 2 to 3 months old (100 to 120 gm ) were transferred 
from our stock diet to one of the following experimental diets Diet 4, con- 
tammg casern (Labco, vitamm-free) 10 parts, cod liver oil 5, Crisoo 5, 
dextrm 37, sucrose 37, Ruffex 2, salt mixture (Osborne and Mendel (12)) 4, 
or Diet 6, contammg casern 5, dextrm 39 5, and sucrose 39 5, and other 
wise identical to Diet 4 

The followmg substances^ were tested cholme hydrochlonde, glycine, 
Z-cystone, dZ-methionme, lecitbm, dZ-Jysme, dZ-senne, etbanolamme, glu 
tathione, dZ-glutamic acid, dZ-tryptophane, dZ-phenylalaame Although m 
most of our former experiments the supplements were given by stomach 
tube (1), m the present senes they were niLxed m the diet, except gluta- 
thione which was mjected daily in isotonic salme 
In most of the expenments, the animals received a daily mjection of an 
isotonic solution (pH 7 4) of B vitamms ® The amounts of each supplied 
daily were as follows thiamme hydrochlonde 50 y, nboflavin 50 y, pyn 
doxme hydrochlonde 50 y, nicotmic acid 1500 y, calcium pantothenate 
200 y, mositol 200 y, p-ammobenzoic acid 200 y In the case of vitamm E, 
a solution of a-tocopherol® m etbyl mynstate was emulsified m water m 
the presence of gelatm and sodium stearate This emulsion was admuiis 
tered by stomach tube in amounts corresponding to 2 mg of the vitamm 
every 2 days In Expenment 54, an aqueous solution of vitamm K‘ 

* Stetten and Grail (11) state that the liver lipids resulting from feeding 
and choline are "abnormally nch” in lecithins 
expressed on the basis of 1 gra of lipid-free tissue, 
lipids due to cystine becomes evident The relative 
as concentration or referred to the whole liver has been discussed (1) 

‘All these w ere obtained from Merck and Company, Inc , Rahwaj < | ^ ^ ’ 

except glutathione and lecithin which were from the Pfanstiehl Chemica o®P > 
Waukegan, Illinois The lecithin (“pure, from egg”), analyzed by us, ^ 

considerable amount of acetone-soluble lipids However, probably ^ 
of non choline phospholipids were present, as the ratio of cholme to p o 
in the preparation corresponded to the theoretical value for lecithin 
‘ Generously supplied through the courtesy of Merck and Company, m 


However, when their nata arc 
no increase in choline phospno 

sigmficance of results expressed 
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(2-niethylnaphthoquinonc) -wns added to the vitamin E emulsion, so that 
each animal received appro\imatcly 20 7 every 2 days 
Each experimental group usually consisted of from four to six annuals 
and often more than one group was employed The animals were decapi- 
tated at the end of the period of supplementation Then the livers were 
pooled and mmced m a meat grinder At least tv 0 samples of the liver 
mature Mere analj^zed for h\ er lipids, as previously described (13) Dupli- 
cate anal3ses for cholme, hpoid P, and dr^ iv eight' vere always made 
In the first senes of expenments (Table I), admmistration of the test 
substances vas initiated immediately and continued for 12 days Here 
the effects of supplementing the diets with gljmmc, cj^stine, methionme, 
and some of their mixtures, both in the presence and absence of cholme 
and vitamms B, were investigated In another senes (Table II), similar 
expenments were earned out in w'hich the substances were admmistered 
after 7 days on the unsupplemontcd diet In addition, the action of 
vitamms E and K and vanous compounds, such as ethanolamme, glu- 
tatbone, and a number of ammo acids, was also studied 
Controls mcluded animals mamtamed on the unsupplemented diets for 
correspondmg penods Additional analyses for liver lipids of animals on 
e stock diet have been made, and the results of these and previous (13) 
etermmations have been mcluded in the averages, recorded m Table I 
owever, for the purpose of a more accurate companson, values have been 
0 tamed for liver lipids of rats which were first mamtamed on the expen- 
mental diets for 7 daj’s and were then replaced on the stock diet for 12 
days (Table II) 


Results 

Phospholipids — In agreement with our previous findmgs (10), it is appar- 
cn from Table I that after rats have been transferred from the stock diet 
the experimental diets for 12 days a marked decrease of both total and 
c 0 me phospholipids occurs, with a lower percentage of the latter m the 
0 1 phospholipids A very similar picture was observed after the admmis- 
™ ^ vitamms, B vitamms wnth each of glycme, cystme, and 

e onme, 01 B vitamms with mixtures of glycme plus cystme and glycme 
Plus methionme 

^ When cholme was given (m the free form or combmed as lecithm), values 
On th phospholipids were appreciably higher than m the controls 
e other hand, levels of non-cholme phospholipids were lower, wuth a 

conclusions which may be drawn from the data calculated on the basis of the 
nioiat 1 are identical with those obtained from the values referred to the 

Drppon/ tissue For the sake of brevity and uniformity, the latter method of 
ation has been retained here 
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Effect of Chohne, Vitamins, and Various Nitrogenous Substances on Liver Lipids {Supplementation after 7 Days, Values for I Gm of 

Lipid-Free Tissue) 

Tho supplementation was continued fot 12 days 
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Chohne HCl (46 mg ) E p 9 106 128 5 47 35 8 22 1 12 8 56 9 

Chohne HCl (43 mg), lysine B 10 8 122 169 5 87 40 6 26 0 13 6 62 3 

(129 mg ) 

Chohne HCl, othanolamine, “ 13 8 112 160 6 60 33 6 21 0 11 9 66 7 

Bonno (48 mg each) 
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consequent increase m the ratio of choline phospholipids to the total phos- 
pholipids If, in addition to choline, there was given glycine or cystine or 
their combination, or a glycme-methionme mixture, the results m general 
were very much the same The presence of B vitamms appeared to 
enhance to a small extent the amount of lecithins The highest values for 


Table III 


StatisUcal Study of Changes in Liver Phospholipids 



Iminediate supplementation 





mg 

It 

fJtf 

D 

mg 

It 

No supplements or none 

38 (19) 


20 7 


10 2 

■ 

10 5 


other than choline (Ex- 
penments 4-11) 


37 


1 33 




10 16 

Supplements including cho- 

46 (20) 


21 3 


14 6 

H 

6 7 


line (Experiments 12-20) 
Supplements including cho- 

60 (20) 

38 

24 2 

5 05 

16 6 

m 

8 7 

4 87 

line, glycine, cystine 
(Experiment 21-31) 


34 


8 87 


m 


6 34 

Stock diet (Experiments 

24 (16) 


31 6 


10 6 

■ 

12 0 


1-3) 






■ 




Supplementation after 7 days 


No supplements (Experi- 

21 (14) 


23 6 


12 9 


10 7 

ments 36-40) 

Supplements including cho- 

30 (16) 

1 28 

22 7 


13 2 

0 05 

9 6 

line (Experiments 41-47) 
Supplements including cho- 

38 (18) 

1 32 

22 9 


13 8 

1 36 

9 1 

line, glycine, cystine 
(Experiments 48-66) 


i 22 




14 10 

14 6 

Stock diet (Expenments 

9 (6) 


37 8 


23 3 


32-34) 









* The figures in parentheses indicate the number of analyses 
t f, according to Fisher (14) The values of t corresponding to a probability o s 
chance occurrence of 6 in 100 are approximately 2 07, 2 05, and 2 03 when n has e 
values of 22, 28, and 35 respectively The corresponding t values for a probability o 
1 in 100 are 2 82, 2 76, and 2 72 


all the phosphohpid fractions (approachmg the lower range of the norma 
levels) were found in some of the experiments m which chohne, glycme, 
cystme, and B vitamms were admmistered simultaneously 

From Table 11, it is clear that when the animals, after a week on tne 
experimental diets, are placed on the stock diet for 12 days / 

32 to 34), the phosphohpid values are completely restored to normal 
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e\er, when the animnls were mnmtamcd for a corresponding period on the 
unsupplemented diet, as before (10), a!! phospholipid fractions were below 
normal The administration of choline, alone or with vanous other sub- 
stances, did not alter this picture substantiallj , although somew'hat higher 
values for lecithins were occasionallj found Likewise, no definite effects 
can be ascribed with certainU to Mtamins B, E, and K, even when these 
are gi\en simultaneously (E\penmcnt 54) 

Nmlral Fats — From Tables I and II, it is clear that more or less high 
values for non-phospholipid fattj acids result in the groups not receiving 
choline In all the other groups, in which choline was supplied, neutral 
fat lalues were distinctly lower, as was to be expected 
Siahslical Treatment of Data (14 ) — ^The effects of vitamm admmistiation 
on the phospholipid levels w ere found not to be significant Accordingly, 
m order to evaluate statistically the action of cholme and other substances, 
we felt justified m arranging the groups irrespective of the presence of 
ntamms, as m Table III 

Such a treatment of the expenmental results here is arbitrary to a ceitain 
extent Howevei, from Table III it appears that w’hen cholme supple- 
mentation 18 begun immediatel} there are significantly higher concentra- 
tions of liver lecithms and lower values for non-cholme phospholipids 
When cystme and gl 3 ’’cine aie also given, while there is possibly a furthei 
elevation of lecithms, the values for total and non-cholme phospholipids do 
become significantly higher than in the groups receivmg cholme only 
Even m this condition, the concentiations of all the phospholipid fractions 
remam definitely lower than m animals on the stock diet On the other 
hand, m the experiments m w'hich supplementation was mitiated after 7 
days, no significant effect by the supplements is apparent Only the dif- 
ferences between the average phospholipid values m the groups on the 
expenmental and stock diets aie statistically significant 

DISCUSSION 

The present experiments confirm our previous findmg that m more ma- 
ture rats the changes in liver lipids mduced by experimental diets cannot be 
reversed by the admmistration of cholme aftei 7 days This is true also 
when the other knowm nitrogenous components of the phospholipids are 
given simultaneously (Experiments 47 and 56) 

On the other hand, when cholme supplementation is mitiated unraedi- 
®tely, definite effects on liver phospholipids can be demonstrated m 2 
month-old rats, as m weanlmg rats (1, 15) Still, the existence of an 

’ It should be emphasized that the effects (increase m lecithins, decrease m non- 
taolme phospholipids with a high percentage of cholme phospholipid in the total 
*^3phoUpi(Jfl) are similar in the rate of both age groups 
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age difference remains probable when the results of the expemnents in 
which choline supplementation was begun immediately or after 7 days are 
compared Thus, choline prevents the low liver lecithin values m weanling 
rats to a greater extent than in more mature animals, whereas it may 
partially restore liver lecithins m weanlmgs and not at all m the older 
animals 

The norkmg hypothesis, previously suggested, may offer an interprets 
tion of our results including the present ones It was then postulated 
that, in addition to cholme, some other factor may be required for the for 
matron of lecrthms at a normal rate, this factor bemg present m the stock 
diet and possibly bemg transmitted to the young bj the mother When 
the animals are transferred to an experimental diet (deficient m this factor), 
a progressive depletion of the tissue reserves may occur mth time This 
may be responsible for the differences observed when cholme supplementa- 
tion was begun immediately or after 7 days on the experimental diet If 
it is assumed that weanlmg rats possess larger reserves of this factor, the 
more marked effects of cholme supplementation m these animals under 
both exTienmental conditions may be explamed Of course, the utilization 
of some dietary cholme for purposes other than lecithm formation, having 
thus a “sparmg” action on liver lecithms, may also partly account for the 
preventive effect of cholme in the expenments mth immediate supple- 
mentation 

As for the chemical nature of this hypothetical factor, the present ex- 
periments mdicate that it cannot be identified merely mt'a the substances 
or the combmations of substances ve have tested ' In this respect, a 
simple deficiency of the vitamms studied here is clearly not responsible for 
the changes m liver phospholipids observed by^ us It is therefore likelj 
that the decrease m total phospholipids descnbed by others (8, 9) ma> be 
due to a dietary^ deficiency of substances other than these B vitamms 
Moreover, it appears that the phosphohpid level m the liver bears no 
direct relationship to the general state of nutntion of the animals, as Ion 
lecithm values ivere found m animals which exhibited an excellentrate 
of growth This is particularly noticeable m Experiment 55, m nhic 
the most evident deficiencies m essential ammo acids had been correc e 
The same pomt may be made from the results of our previous experimen s 
mth the 30 per cent casern diet which also provided a satisfactory rate o 
growth (10) 

* Of course, the possibility cannot be excluded that some of these 
also exert a rftle in the maintenance of the normal composition of liver p osp 
although other experimental conditions maj be required to demons ra ® 
more clearly This may apply to the cystine, glycine, choline combina 
to glutathione or some of the vitamins, if more significance could e a 
some of our present findings 
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rfWIethionme in the amounts ingested by our animals (134 to 144 mg 
dailj ) could not substitute for choline hydrochlonde (41 to 49 mg daily) 
m its action on either the Iccithms or the neutral fat levels in the liver This 
findmg, uhich is in agreement vith our results on veanhng rats, is bemg 
further investigated ((15) foot-note 5) 

SUMMARI 

In rats 2 to 3 months old mamtamed on an experimental diet, the sup- 
plementation after 7 daj's with choline, either alone or m combmation ivith 
various substances (vitamms B, E, K, amino acids, and other nitrogenous 
compounds), did not reverse the changes in liver phospholipids mduced by 
the unsupplemented diet 

On the other hand, nhen chohne supplementation was mitiated immedi- 
ately, values for liver lecithms n ere found n hich were significantly higher 
than m the correspondmg controls, although lower than normal This 
change was accompanied by a decrease m the non-cholme phospholipid 
fraction The present findmgs are compared with those obtamed m 
weanlmg rats 
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THE ORNITHINE CYCLE IN NEUROSPORA 
AND ITS GENETIC CONTROL 

Bi ADRIAN M SRB* and N H HOROWITZ 
{From the School of Biological Sciences, Stanford University, California) 

(Bcccncd for publication, Februnr} 15, 1944) 

It has been emphasized b}’ Haldane (1) that for studies of intermeJiaiy 
metabolism “the new science of genetics furnishes a very powerful method ” 
Such a method is founded upon the general pieniises that genes control 
many of the chemical reactions mthin an organism, and that gene muta- 
tions by blocking a reaction chain at various points may, in effect, resolve 
a metabohe process into some of its constituent stages For instance, the 
genetics of such diseases as alcaptonuna and cj'stinuna have elucidated 
certain problems in human metabolic processes (2), and studies m the genet- 
ics of plant pigments have increased the knowledge of the biochemistiy of 
anthoejamns (3) But the studj of metabolism by way of genetic differ- 
ences m naturally occurring populations is limited not only by the low rate 
of mutation but also by the lethal character of most mutations of genes 
controlling vital functions By increasing the mutation rate of an organ- 
ism, through irradiation oi otheiwise, it is possible to cieate numbers of 
genetic blocks at \ anous steps in the syntheses of substances or in other 
processes of metabolism The pioblem of preserving mutations ordinanly 
lethal has been met by Beadle and Tatum (4) in a general course of pioce- 
dure developed around ivork w ith the ascoinj'cetous mold Neitrospora The 
wild type of this orgamsm is able to carry out all the syntheses essential 
to its normal grow th and reproduction if biotin, inorgamc salts, and a smt- 
able source of carbon are available Strains of Neurospora are irradiated 
with v or ultraviolet rays on the assumption that mutations will be induced 
m genes controlling the s 3 ’ntheses of such substances as vitamins and ammo 
ccids Mutant strains of this kind cannot grow on merely inorganic salts, 
®iigar, and biotin, “mimmal medium,” but can be expected to grow if the 
product of the blocked synthesis is added to the minimal medium 
From irradiated Neurospora there has been isolated in this laboratory a 
senes of mutant strains w hich require foi grow th the presence of argimne in 
e culture medium A study of the specific biochemical chaiactenstics of 
^embers of this group of mutants has made it possible to demonstrate in 
surospora crassa an ornithine cycle similar to that proposed by Krebs and 
enseleit (5) as occurnng in the mammalian liver, and to assign various 
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steps m the cycle to the influence of particular single genes To our knowl- 
edge the ornithine cycle has not previously been demonstrated m plants 

Methods , 

By convention the class name of any member of a senes of biochemical 
mutants of Neurospora from this laboratory is based upon the name of the 
essential substance which must be added to the minimal medium before the 
mutant can grow Thus, the mutants requinng the addition of argimne to 
the mimmal medium, t e unable to synthesize arginine, are designated as 
argimnekss Individual mutant strains are identified more specificall} by 
a number 

Unless otherwTse stated all growth expenments reported were earned out 
m 125 ml Erlenmeyer flasks, each of which contained 20 ml of hqmd 
medium The basal medium consisted of Fnes' No 3 solution supple- 
mented with trace elements, biotm, and 2 per cent sucrose (6) Supple- 
ments to this basal medium were added m such fashion that constant volume 
and constant concentration of the components of the mimmal medium were 
maintained m each flask In general, media were stenhzed by autodaviug 
1 0 nunutes at 15 pounds pressure All mutant strains were kept m vigorous 
gromng condition by means of frequent vegetative transfers to fresh 
culture media contaimng arginine At fairly frequent mten'als the strains 
were given tests to confirm the constancy of their biochemical charactens 
tics When more than one mutant stram was involved in an experiment, 
cultures of identical age were used Inoculations were made with 1 drop of 
a stenle suspension of asexual spores Experimental cultures were grown 
at 25° for varymg lengths of time Growth was measured by drying the 
myceha and weighing 


Results 

Irtdividuahly of Mutant Strains by Genetic Tests — ^Fifteen argtnineless 
strains have been isolated from x-ray- or ultraviolet-treated mid tvpe 
Neurospora Of these, some seem to be recurrent mutations of certain 
genes, but at least seven are demonstrably different from one another, bs 
shown by heterocaryou tests (7) and by crosses between the mutants Eac 
of these seven mutant strains has been outcrossed, and the results of the 
crosses mdicate that in these strains the 
inhented as a smgle gene Details of the 
m another j oumal j 

Biochemical Relationships of Argimnekss Mutants The arginine 
strains grow at approximately the rate of the wild type if sufficient argmm 
is added to their culture media Of these mutants, the slowest 
hquid culture is Stram 29997, which after a growth of 3 days on a su 


mabihty to synthesize argmme is 
genetic findings mil be published 
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raented medium attains a mycelial weight about 85 per cent of that of the 
ivild tjTie The quantity of arginine per 20 ml of medium which allows for 
the ma\imal grow th of m 3 'cehum over a 3 day period vanes among the 
mutants from 0 1 to 0 2 mw For each of the strains the rate of growth is a 
function of the amount of arginine present m the medium (Figs 1 to 3) 
Tests with \ anous other amino acids show that ornithine and citrullme 
also permit grow th of certain strains AVith respect to their ability to grow 
on these ammo acids, the mutant strains may be divided into three groups 
Strains 21502, 27947, 29997, and 34105 can grow on the addition of arginine, 



Fia 1 Growth of Strain 27947 after 3 days at 25° on varying concentrations of 
arginine, ornithine, and citrulline 


onuthme, or citrullme to their media, Strains 33442 and 30300 cannot utihze 
onuthme but do use arginine or citrullme, Stram 36703 grows only in the 
presence of argmine (Table I) Twenty-three other ammo acids were 
found to be inactive Neither is any of the mutants able to grow on 
asparagme, glutamme, guamdine, allantom, or cieatme 
Mutants able to grow on argimne and citrullme but not on onuthme were 
tested on a mixture of onuthme and urea Such a mixture does not penmt 
growrth when the two substances are autoclaved separately or when the 
entue medium is sterilized by filtration, groivth does occur on media m 
which onuthme and urea have been autoclaved together Further anal 5 ms 
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Fio 2 Growth of Strain 33442 after 3 days at 26° on varying concentrations of 
ornithine, and citrulline 



-j -t -I 

LOD coK-orAtemAao auKLS fotnuu 

Fiq 3 Growth of Strain 36703 after 3 days at 25° on varying concentrations of 
arginine, ornithine, and citrulline 
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8hov^ hoR ever, that ornithine and urea autoclaved together are converted 
to citnilhne to ^ extent sufficient to account for the groivth of the mutants 
Application of Gomall and Hunter’s (8) quantitative modification of Fear- 
on s diacetyl monoximc test for citruUinc showed that a solution ongmally 
contaimng 0 5 mM of ornithine and 2 6 mm of urea m 10 ml yielded 0 18 
rm of citrulhne on being autoclaved at 15 pounds pressure for 15 mmutes 
biolopcal a^ay of the same solution wth mutant Strain 33142 gave the 
K, argimne Mas also present was ehmmated 

y B owing that Stram 36703, uhich grows on argimne but not citruUme, 
Old not grow on the combmation of ornithine and urea autoclaved together 


Table I 


Orowlh of Single and Double Mutant Strains 

“““ ® oa 0 OOS mM of argimne. 


HaUnts 

Strain No 

A^tU 

<M Arelnine 
HNOi 

dt CitrullJse 

dJ^Ornithme 

HCI 

No supply 
mcDt to 
mtfiSJnftl 






medium 

Single 

21B02 

37 2 

39 6 

37 6 

29 2 

0 9 


27947 

20 9 

22 6 

18 7 

10 5 

0 0 


29997 

16 7 

16 6 

15 2 

■m 

0 0 


34I0S 

33 2 

35 5 

30 0 


1 1 


[ 30300 

37 6 

53 0 

34 1 

19 

1 0 


33442 

35 0 

! 43 8 j 

1 42 7 


2 3 

Double 

36703 

27947-29997 

20 4 

17 9 

! 18 4 

0 0 

15 6 

HI: 

0 0 

0 0 


30300-33442 

26 1 


32 0 


0 0 


27947-33442 

21 8 


15 8 

— 1 

0 0 


21602-33442 

25 3 


24 5 

— 1 

0 0 


33442-36703 

22 0 


0 0 

HI 

0 0 


certam experiments it was found that Stram 33442 is able to grow on 
e minimal medium supplemented with urea It can be shown, however, 
pH ^ ^ active, and that the effect obtained is due to nse in 

Th ° TT caused by decomposition of the urea when autoclaved 

m ^ ^’nes' solution alone is about 5 5 Autoclavmg 0 5 mw of urea 
are i raises the pH to about 6 7 If flasks of urea medium 

to cr n ^^^®’toon, the pH does not nse, and Stram 33442 is unable 
Dhn<!°r ♦ other hand, bnnging the minimal medium to pH 6 7 with 

buffer or to pH 8 0 with NaOH permits growth to the 
at dH ^ autoclaved urea Autoclaved urea medium buffered 
at hi h *^ot support growth In no case does the immmal medium 

obtam ''’^bes allow for more than 55 per cent of the mycehal weight 
a with an optimal concentration of argmine Another Neurospora 
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mutant, pyndoxineless, able to grow on a minim al medium at pH values 
above that of Fnes’ solution, is descnbed by Stokes, Foster, and Wood- 
ward (9) 

The experiments desenbed have shown that not all the mutants can use 
ormthme or citruUine or both, and that not all those able to use citrullme 
can use ormthme But m every case the mutants able to grow on ormthme 
are able to utDize citrullme as well This indicates that ormthme and cit- 
nillme represent different stages in the course of the biosynthesis of argi- 
nme, and that they occur m the order ormthme— » citrullme— » argmme If 
ormthme and citrullme were not so related, one might expect to find mu- 
tants that use ormthme and argmme but not citrullme Such mutants 
have not been found 

The growth reqmrements of double mutants (Table I), obtamed by cross- 
ing two different argtnmehss strains, support the above postulated sequence 
m the biosynthesis of argmme In each double mutant the growth require 
ment is determmed by the gene whose wild type allele acts nearer arginine 
m the sequence of the synthesis Thus m double mutants between a strain 
which can use all three ammo acids and one which can use only argmme and 
citmlhne the requirement is similar to that of the second smgle stram A 
double mutant between Stram 33442, which can grow on argmme or 
citrullme, and Stram 36703, able to use argmme only, resembles Stram 
36703 m its growth reqmrement The reqmrements of double mutants 
■■ up of single strains havmg like requirements are satisfied by the same 
■ j acids utilized by either smgle stram 
Arffinase in Neurospora — Smce it could be shown that the synthesis of 
argmme m Neurospora proceeds through a sequence mcludmg ormthme and 
citrulhne, it was of interest to detennme whether or not the sequence is 
cychc m nature The organism was therefore tested for argmase, by the 
followmg procedure The mold was grown m Fembach flasks contammg 500 
ml of medium When the mycehal pads had attamed maximal growth, 
they were removed, washed m distilled water, and the excess water wia 
squeezed out through muslm The pads were weighed, and ground with 
sand and water m a mortar The resulting paste was filtered through 
mushn on a Buchner funnel Argmase activity was determmed in t e 
extract , 

Activity of the enzyme was shown by manometnc determmation (5)o 
the urea resultmg from the incubation of the extract with argmme, an y 
the isolation and identification of ormthme, as ormthunc acid, from e 
reaction mixture Since it was found that extracts of Neurospora con 
urease as well as argmase, the urea determmation gives a minimal measure 
of the amount of argmme converted i ^ 

Table II shows some tsqncal results obtamed ivith three differen r 
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of the argimnckss senes of mutants and with the wild type (Stram 1) The 
mutant strains were grown m media supplemented with argmine, the wild 
type was grown in both supplemented and unsupplemented meia The 
data suggest that the arginase of Ncurospora may be “partially adapti\e,” 
t c , although produced by the orgamsm when grown on unsupplemented 
medium, production of the enzyme is increased when the substrate is added 

Table II 

Arffinasc Activity tn Extracts of Ncurospora 
Concentration of reagents, I m! of extract •« 250 mg of the wet weight of mold, or 
63 mg of the dry weight, arginine hjdrochlonde 0 238 M, manganese sulfate 01 m, 
glycine buffer, pH 9 5, 1 m Each flask contained 1 ml of glycine buffer and w ater 
to a final volume of 10 2 ml After the reagents w ore mixed m the indicated propor- 
tions, toluene was added and the flasks incubated at 34° for 16 to 18 hours They 
were then acidified wnth a few drops of glaciol acetic acid, placed in boiling water for 
2 to 3 minutes, and filtered Urea determinations were made on aliquots of fjie 
filtrates 


Strain No 

Extract 

Arginine added 

1 

MnSOt added 

A urea found 

Apparent 
conversion of 
argfmne 


mi 


mi 

mu 

fitr ((/It 

33142 

5 0 


0 2 j 

0 000 



5 0 


0 0 

0 163 

17 1 


6 0 


0 2 

0 435 

45 7 

29997 

6 0 

0 0 

0 2 

0 000 



0 0 

0 476 

0 2 

0 110 

23 1 

29738° 

5 0 

: 0 0 

0 2 

0 000 



5 0 

0 476 

0 2 

0 066 

13 9 

n 


0 0 

0 2 

0 000 



6 0 

0 476 

0 2 

0 067 

14 1 

n 

7 0 

0 0 

0 2 

0 000 

I 

1 

7 0 

0 476 

0 2 

1 

0 027 

5 75 


* An argintneless strain the same ns Strain 30300 biochemically and apparently 
the same genetically 

t Grown in a medium containing I mg of arginine hydrochloride per ml 
t Grown in a medium containing no arginine supplement 

to the medium It is also shown m Table II that the activity of the N euro- 
spora enzyme is increased by manganese, a property shared with arginase 
of ammal origin 

For the isolation of ornithine, 18 gm (wet weight) of the wild type mold 
which had been grown on unsupplemented medium were used The myce- 
hum was ground and extracted as desenbed above To 62 ml of the extract 
were added 0 5 gm of argimne hydrochloride, 1 4 ml of 0 1 xr MnSO 




136 


ORNTTHnCB CYCLE IN NECHOSPOKA 


suflBcient n NaOH to bring the pH to 9 2 No buffer was used The mix- 
ture n as incubated at 34° for 18 hours The reaction was stopped by acidi- 
fying to pH 5 0 with glacial acetic acid, the solution was then placed m 
boilmg water for a few minutes to coagulate the proteins, which were 
filtered off An ahquot of the filtrate was removed for urea detemunation 
The analysis showed an apparent decomposition of 20 per cent of the argi- 
nme The remamder of the solution was taken to dryness and extracted 
mth a small volume of alcohol The residue was taken up m a few cc of 
N NaOH and benzojdated bj^ the Schotten-Baumann reaction 40 mg of 
matenal w'ere obtamed which, after recrystalhzation from 50 per cent alco 
hoi, neighed 20 mg and melted at 181°, the nuxed meltmg point with 



lo 4 Urease activity in extracts of the nild type Neurospora grown on ordinarj 
iiediura (Curve A) and on medium containing urea as the sole source of nitrogen 
(Curve B) 2 ml of extract per Warburg vessel, 1 ml is equivalent to 1 4 gm of net 
weight of mold, or 0 35 gm of the dry weight Temperature 28 6° 

authentic ormthunc acid meltmg at 185° n as 183° Elementarj analj’sis of 
the sample show ed the follonnng composition 


Ci.HbO.N Calculated C 67 03, H 5 93, N 8 23 
Found “ 67 05, " 6 03, “ 8 11 

Urease in Neurospora — ^The subsequent fate of the urea formed m the 
arginase reaction w as found to be cleavage by urease The mold for expen 
ment was grown m Fembach flasks, harvested at the end of 7 days, an 
washed and ground mth sand and the mmimal amount of water e 
resulting paste was centnfuged and the supernatant liquid, contaimng e 
enzyme, was diluted with 0 05 volume of 3 n acetate buffer at pH 5 I 
ml of the extract were placed m the mam compartment of a ar urg 
vessel, and 0 5 mg of urea in 0 2 ml of water was placed in the si e arm 
After temperature equihbration the contents w ere mixed and carbon oxi 
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production was measured The results of two expenmen ts with the wild 
type are plotted in Fig 4 Control vessels containmg boiled extract, or 
KOH m the alkali i\ell, showed slight or no gas exchange In a separate 
experiment it was shown by distillation and titration ivith standard alkah 
that ammoma is also a product of the reaction 
Urease activity m Nciirospora is not increased when the mold is grown on 
urea as the sole source of nitrogen Tliere is actually a small decrease 
(Cun e B in Fig 4) This is probably related to the fact that growth on the 
urea medium is somew hat abnormal Measurements of urease activity m 

the medium on which the mold had grown showed small, barely significant 
carbon dioxide production It thus appears that the reaction occurs mainly 
m the cells 


DI8C0SS1ON 


The biosynthesis of a substance like arginine may be expected to proceed 
as an ordered senes of chemical steps One of the basic concepts denved 
from the data presented is that genes control m a primary way the single 
steps makmg up such a chain of reactions Mutation mvolves the loss of 
abihty to carry out a single step in the course of a synthesis, and the mutant 
genes m the different arginineless strams of Neurospora are, in effect, stops 
or blocks at different stages in the biosynthesis It follows that if the re- 
quirements of two different mutant strains are satisfied by the same sub- 
stance X and only one of the strains by a substance y, then y is a precursor of 
® Thus argimne, which alone can satisfy the reqmrements of all the 
mutants m the senes, clearly stands after ormthme and citrulhne m the 
ordered course of the synthesis Analogous reasonmg leads to the conclu- 
sion that ormthme is a precursor of citrulhne A similar hne of thought has 
been followed by Tatum, Bonner, and Beadle (10) in establishmg the course 
of synthesis of tryptophane by Neurospora 
An integrated scheme of our present mterpretation of the known facts 
concerned ivith argmme synthesis in Neurospora is represented graphically 
(Genes controllmg vanous steps in this scheme are identified by the num- 
ers of the mutant strams m which they w'ere first found ) 


Strain 21502 
" 27947 

“ 29997 

“ ^ 4^05 


Strain 33442 
“ 30300 


Strain 36703 


— »ormthine »• > citrulhne > argimne - 

arginase 

— > urea 


■* proteins 


CO, and NH, 


urease 
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If, in general, single g6nes control different pnmary chemical reactions, 
and mutations mark mterference with particular reactions in an orderly 
biosynthesis, then the number of different mutations affectmg a synthesis 
may be taken as a mmimal measure of the number of steps m the reaction 
cham On such a basis, there are no less, and probably more, than seven 
steps m the synthesis of argimne from sugar and ammoma Mutations in 
Strains 30300 and 33442 indicate that the synthesis of citrulhne from omi 
thine IS achieved m at least two stages, lendmg support to the view (11) that 
the addition of CO 2 and NHj to ornithine mvolves more than one reaction 

This work was supported by grants from the Rockefeller Foundation and 
the Nutrition Foundation, Inc The authors wish to express their mdebt- 
edness to members of the Genetics Laboratones for the finding and the 
identification of the mutants descnbed m this paper The work of pro- 
ducing and isolatmg some of the mutant strains vas supported by a 
grant from the Research Corporation The imcroanalysis of omithunc 
acid was earned out by Dr A J Haagen-Smit and Dr G Oppenheimer of 
the California Institute of Technology 

SUMMARY 

Seven genetically and biochemically different argtmneless strains in 
Neurospora crassa are descnbed In each, the argimnekss character is in 
hented as a smgle gene The mutant strains are of three general classes 
those able to grow on argimne, ormthme, or citrulhne, those able to make 
use of argimne or citrulhne but not ormthme, and one mutant with a spe- 
cific requirement for argimne This 15 taken to mean that ormthme and 
citrullme represent different stages m the synthesis of argmine, the synthesis 
occumng m the order ormthme— ♦ citrullme— >• argmme Double mutant 
strams, obtained by crossmg different argimnekss mutants, have growth 
reqmrements that confirm the order of synthesis and manner of genetic 
control postulated above 
Neurospora is shown to have argmase and urease 
The mterpretation of the experimental results as a whole is that in Nett 
rospora crassa there is operatmg an ormthme cycle which follows the same 
general course as proposed bj’’ Krebs and Henseleit for urea formation m t e 
mammahan liver Different steps m the cycle are shown to be govern 
by the influence of particular smgle genes 
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THE d-Al^IINO ACID OXIDASE OF NEUROSPORA 

By N H HOnOWITZ 

(From the School of Biological Scitncee, Stanford Vnncrsity, California) 

(Rccci\ ed for publicntion, March 9, 1944) 

Among artificially produced mutants of the mold Neurospora have been 
found strains lacking the ability to sjoithesize specific ammo acids (1, 2) 
In the course of biochemical and genetic studies of this group of mutants it 
was observed that some of the mutants, c g those deficient m methiomne, 
leucme, and argmme,’ are able to utilize racemic mixtures of the ammo acids 
with the same effiaency as the I, or physiologically occurring, forms In 
the cases of the leucine- and the mcthionme-requmng mutants it was also 
possible to show utdization of the a-keto analogues It thus appeared pos- 
able that the mode of conversion of the d to the I isomers consists m oxida- 
bve deam nation, followed by resynthesis A study was therefore under- 
taken to test the ability of Neurospora to oxidize the “unnatural” optical 
isomers of the ammo acids It was found that extracts of the mold contam 
a d-ammo acid oxidase similar m its action to the d-ammo acid oxidase of 
mammahan kidney and hver (3) This finding supports the above hy- 
pothesis for the conversion of the d- to the Z-ammo acids 
Smee it appears that the d-ammo acid oxidase has not been previously 
described m fungi, a number of experiments were performed on the Neuro- 
N>ora enzyme, the results of which are reported here 

Methods 

Wild type Neurospora crassa was grown m Fembach flasks contammg 500 
iwl of the salt-sucrose-biotm medium previously described (4) After 7 to 
14 days at 25° the pads were harvested and washed in several changes of the 
basal salt medium They were then pressed out through a cloth to remove 
Excess water and weighed At this stage the pads weighed 4 to 6 gm each 
and contamed 70 to 75 per cent of water They were next ground m a 
mortar, with sand and 2 ml of m/60 pyrophosphate buffer, pH 8 5, per gm 
of Wet tissue The resulting paste was centrifuged at high speed for several 
minutes, and the supernatant, contammg the enzjme, was poured off and 
minted with O 25 volume of 0 25 m pyrophosphate, pH 8 5 The final 
PB, detemuned with the glass electrode, was 8 O to 8 2 
Biiygen consumption was measured m the Warburg apparatus at 28 6 

m papers on the leucineleis mutant (Regnery, DC,/ Biol Chem, 

(1944)) and on the argintnelese mutants (Srb A M , and Horowitz, N H , / 
Chem , 164, 129 (1944)) 
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2 ml of the enzyme solution -were placed in the mam compartment and 0 2 
ml of a m/ 15 solution of the racemic ammo acid m the side arm In the 
case of insoluble amino acids, a solution of the sodium salt n as used KOH 
was placed in the well, the atmosphere was air 
In all expenments the small autorespiration was automatically corrected 
for by placing enzyme solution in the thermobaiometer \essel 

Results 

Stmchiomeinc Relations — In the absence of added substrates the oxygen 
consumption of the preparation is slight but measurable On the addition 
of c?f-methiomne a rapid oxidation was observed The rate of oxygen con- 



Fio 1 Fio 2 

Fig 1 Oxidation of some anuno acids by Neurospora d ammo acid oxidase 
Curve A, dl methionine. Curve B, dl leucine. Curve C, dl isoleucme. Curve H, di 
valine, Curve E,di lysine, Curve F.dl ormthine Thehonzontallmeisthetheoreti 
cal for the uptake of I atom of oxygen per molecule of one optical isomer 

Fig 2 pH cunes of A^evrospora enzyme on dl methionine (Curve A), dl alamoe 
(Curve B), and dl-a amino n caprylio acid (Curve C) 

sumption remained almost constant until 0 25 mole of oxygen per mole of 
dl-methionme was taken up, and then it rapidly dropped to zero 
1 -methiomne was substituted for the racemic mixture, no oxidation occurred 
It IS thus evident that the reaction involves the oxidation of d-methionme 
only, with the uptake of 1 atom of oxygen per molecule (Fig 1) The same 
relation was found to hold for all other dZ-ammo acids whose oada ion 
rate was high enough to make an accurate determination of the end-pom 
readily possible, namely, dZ-phenylalamne, dZ-norvalme, 
dZ-argnune, rfZ-a-armno-n-butync acid, dZ-leucme, tfZ-norleucme, isoeu 
cine, and dZ-glutaimc acid , „ 

The keto acid analogue of methionme, or-keto- 7 -methiolbutync aci , 
found to be a product of the oxidation of d-roethionme by the enzyme 
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Tvas iBolnted from the reaction mixture m the form of its 2,4-dinitrophenyl- 
h 3 drazone, melting at 149°, in agreement mth the melting point pubhshed 
bj Waelsch and Borck (5) and bj’ Cahill and Rudolph (6) When dissolved 
m alkali the compound ga\c the red color charactenstic of the 2,4-dimtro- 
phenjlhjdrazones of a-keto acids Sulfur (by sodium fusion) was present, 
and sulfhj dryl (bj the nitropnisside test) v as absent 

pH Optimum — The effect of pH changes in the range pH 6 to 10 on the 
actmty of the enzj me v ns deteimined Phosphate buffer was used at pH 
6 to 8, pjTophosphate at pH 9 to 10 Determinations w ere made on three 
different substrates, rff-methionine, rff-alamne, and dZ-a-amino zi-capryhc 
acid, respectivelj In all eases a marked optimum at pH 8 0 to 8 5 was 
observed (Fig 2) 

Effect of Substrate Concentration — ^The relation between substrate concen- 
tration and reaction rate, with dZ-methionme as substrate, was found to 
follow the usual hj'perbohc law, vithin experimental limits The Michaehs 
constant was approximately 2 5 X 10~‘ This value represents the concen- 
tration of d-methiomne w Inch produces the half maximum velocity, and is 
equal to the dissociation constant of the enzyme-substrate complex 

Inhibitors — The sjstem is not sigmficantly inhibited by cyamde (0 001 
m), lodoacetate (0 001 m), or benzoate (0 01 m) Benzoate has been re- 
ported to produce complete inhibition of the kidney d-amino acid oxidase 
at a concentration of 0 01 m (7) On the other hand, drymg the tissue with 
acetone and ether befoi e extracting does not affect the activity of the mam- 
malian enzyme, but m the case of Neurospora this treatment results m 
inactive preparations The Neurospora enzyme is competitively mhibited 
by isovahne (see below) 

Specificity — ^The enzyme was found to oxidize the d forms of most of the 
ammo acids tested Glycine and Z-ammo acids, ivith the exception of Z-glu- 
tamate, are not oxidized Z-Glutamate is oxidized at less than one-fifth the 
rate of <Z-glutamate under the conditions of these experiments and presum- 
ably by a different enzyme system 

As IS the case mth the <Z-ammo acid oxidase of kidney, cZ-methioiune is the 
substrate most readily attacked by the Neurospora enzyme The oxygen 
uptake on dZ-methionme (6 06 X 10“’ m) of sixteen different preparations 
varied from 64 2 to 148 c mm of oxygen per hour per gm of n et weight of 
mold, ivith a mean value of 107 c mm The cause of the variability is not 
definitely knowi The experiments have indicated, however, that the 
variation in activity does not affect the relative rates of oxidation of the 
ammo acids In the determination of the oxidation rates presented in 
Table I the activity of each new enz 3 Tne preparation was standardized on 
dl methionine as substrate, to which all other substrates v ere then re 
ferred 



144 


rf-AMINO ACID OXIDASE OF NEUEOSPORA 


As can be seen from Table I, the following changes m the structure of the 
substrates destroy their reactmty shift of the ammo group from the a to 
the /3 position, replacement of the hj’^drogen attached to the a-carbon atom 
by an alkyl group, replacement by methyl groups of both hydrogens 
attached to the ammo mtrogen atom, replacement by methyl groups of 
the hydrogens attached to the /3-carbon atom, substitution of a hydroxjl 
group on the ^-carbon atom, and peptide bond formation through the 
carbox 3 ’l group The effect of substitutions on the /S-carbon atom in 

Iable I 

Relative Rales of Oxidation of Ammo Acids hy d-Amino icid Oxidase of Neurospora 


The mean rate of oxidation of dl methionine = 107 c mm of Os per hour per gm 
of wet mold All ammo acids u ere tested in a final concentration of 3 03 X 10"' m 
in terms of one optical isomer 


Substrate 

Rela 
tive 1 
rate | 

1 

Substrate 

Relate e rate 

dZ-Methiomne 

100 

df-N-Methylleucine 

13 

dl Phenylalanine 

85 

df-or-Aminophenylacetic acid 

About 9 

df-Norvaline 

85 

df-Trj ptophane 

“ 5 

dl Citrulline 

81 

dl Ornithine 

“ 4 

dl Arginine 

80 

dl Senne 

0 

dl-a Aimno n butyric acid 


dl Threonine 

0 

dl Leucine 


dZ-Proline 

0 

’-Norleucine 


/3-Alanine 

0 

jlutamic acid 


dl P Amino n butyric acid 

0 

-Isoleucine 

38 

dl-a Aimno-a methylbutj nc acid 

0 

d(— )-Alanine 

33 

dl-a Amino-a ethylbutync acid 

0 

dl Aspartic acid 

29 

dl 0,0 Dimethyl-a amino n butync 


df-Alanine 


acid 

0 

dl Valine 


dI-N,N-Dimethylleucine 

0 

dl-a-Amino n-caprylic acid 


dl Leucylglycine 

0 

df-Lyaine 

14 

Glycine 

0 


lowenng the reactivity of the substrate has also been noted in studies of 
the mammahan d-ammo acid oxidase (8-10) 

Inhibition by Isovaline — A number of the non-reactive ammo acids Mere 
tested for their effect on the oxidation of methionme If these substances 
attach to the enzyme to form an inactive complex, they should competi- 
tively mhibit the oxidation of other ammo acids If, on the other hM , 
no or only shght complex formation occurs, no inhibition is expected e 
foUowmg compounds were tested dZ-senne, df-N,N-dimeth}lleucme, -p 
ammo-n-butjTic acid, and dZ-isovaline (a-armno-a-methj Ibutjmc aci ) 
No inhibition of methionme oxidation Mas found ivith the first three, even 
at concentrations which were 10 tunes higher than the concentration o 
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It concluded « . these «c Io«t.on s„th 

”Xr.s”.i:s f 

;rS JS SSroTthe e,»ho» el — »d 

Burk (11), . 

V(S)K< U) 

Tabi-e II 

Inhibition of NtuTOzpoTa Emymt ,30j„er The 

The concentrationa of anuno A fresh preparation of 


was used for each oxpenment 
Eiporaent No 1 Methionme concenUoUon 

P 

Xi 

1 

2 

3 

4 

„X10> 

3 0 

3 0 

1 6 

1 6 

0 76 

3 0 

1 5 

0 76 

0 36 

0 36 

0 62 

0 44 

0 46 

0 36 

0 63 

0 69 

0 69 

4 1 

4 1 

4 0 

1 54 

8 8 

4 1 

3 8 

3 4 

34 

5 

4 6 

(mnnOT- 

Mean ^ — 


V — +Vlf» T^QJS pTTVU IIl rfttc (p^^P 

where t/ - the rate of inhibited rea^. J " dissociation constant of the 
tional to the enzyme concentraUon), it. constant of the enzyme- 

enzyme-inhibitor complex, K, * t e „„jjcentration, and (I) -- 
substrate complex, (S) = the subs ra the rate is given y 

inhibitor concentration In the absence of mhibito 

the Michaehs-Menten equation, 

tr/a\ 


( 2 ) 


for the inhibited fracUon of 

Combmmg the above equations, one o 
the rate, p, 
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from which 


g.(/)(l - p) 
piK. + m 


( 3 ) 


Table II shows values of if, calculated by means of Equation 3, with K, = 
2 5 X 10^ (see above) The constancy of K, may be considered good in 
view of the errors involved in the determination of K, and of p at low 
concentrations of substrate 

The failure of isovahne to be oxidized by the enzyme is ascnbable to the 
impossibihty of formmg the imino structure, 

R— CHNHi— COOH + 10, -» R— C— COOH + ftO -> R— CO— COOH + NH, 

II 

NH 


Tabm: III 

Effect of Chain Length on Reactivity of Straight Cham Amino Acids toward Neurospora 

Enzyme 

Final concentration of amino acids, 3 03 X 10~* M in terms of one t ptical isomer 
Atmosphere, air, temperature, 28 6° 


Substrate 

consuined lo 
15 min 


e mm 

„lamne 

9 4 

Amino-n-butync acid 

17 2 

di-Norvaline 

21 4 

df-Norleuoine 

16 9 

dl-a Ammo n caprylic acid 

6 2 


In the cases of serme, N,N-dimethylleucme, and ;8-anuno-n-butync acid, 
inuno formation, or its eqmvalent,* is theoretically possible, but the reac 
tion IS blocked by factors which prevent attachment of the molecule to the 
enzyme In the mammahan d-anuno acid oxidase, Keihn and Hartree (12) 
have shown that neither a-methylalanme nor N,N-dunethylaIanine is 
able to form a complex with the enzyme 

Effect of Chain Length — ^An important relation shoivn in Table I co^ 
cems the effect of cham length on the reactivity of substrates towam 
Neurospora enzyme With mcreasing length of the carbon cham in t e 

The corresponding oxidation product of N,N dimethylleucme would be the 
quaternary ammonium salt, R — C — COOH 

II 

CH,— N— CH, 

+ 
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homologous senes of straight chain, monoommomonocarboxyhc acids, 
the oxidation rate first nses to a maximum at a length of 5 carbon atoms 
(nonmlme) and then drops off Smce the data in Table I were obtamed 
at different times, mth a fresh enzyme preparation each time, it appeared 
desirable to check this relation on a single preparation This was done 
with the results shown m Table III These data corroborate the previous 
result 

It seems clear from these findings that an optimum chain length exists 
among the substrates of the Ncurospora enzyme The effect of vanous 
substitutions and internal rearrangements on the reactivity of the substrate 
may thus m part be asenbed to the changes they produce in the length of 
the molecule Pubhshed reports do not indicate a similar dependence in 
the case of crude mammahan d-amino acid oxidase In the case of the 
purified mammahan enzyme, it appears that rate data are not available for 
a sufficient number of substrates to decide the point 

DISCUSSION 

The function of d-anuno acid oxidase m the metabolism of Neurospora 
is unknown Any explanation which is based on the hypothesis that the 
organism may encounter racemic ammo acids m nature, or that it may 
produce them m the course of the digestion and assimilation of proteins, 
appears imacceptable, smce the wild type of Neurospora is able to syn- 
thesize all of its ammo acids from carbohydrates and morgamc mtrogen, it 
IS consequently mdependent of external supphes of ammo acids If the 
, enzyme serves a useful purpose, it would therefore seem to be concerned 
’With products of the organism’s own metabolism This suggests the 
possibihty of symmetne synthesis of ammo acids by the mold The ap- 
phcabihty to Neurospora of the recent findin g by Shemm and Rittenberg 
(13) that d-glutanuc acid and d-tyrosme are not synthesized by the nbo- 
fiavm-deficient rat is an open question 
In ammo acid-deficient mutants of Neurospora, present evidence sug- 
gests that the d-ammo acid oxidase plays an essential part m the trans- 
formation of d-ammo acids (supphed from the outside m racemic mixtures) 
to Z-amino acids Thus, d-methiomne, d-leucme, and d-argimne are all 
rapidly oxidized by the enzyme and are efficiently utilized by the corre- 
spondmg mutant strams In the cases of methiomne and leueme the 
evidence is more complete, m that utihzation of the a-keto analogues has 
also been found The a-keto analogue of arginme has not been tested 
•^hither evidence, of an mdirect kmd, comes from the tryptophane-requir- 
mg mutants Tatum and Bonner (14) have shoivn that tryptophane syn- 
thesis m N eurospora occurs by a condensation of mdole with Z-senne dl- 
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Serine is only one-half as effective as Z-senne in promoting this reaction in 
experiments m mvo (15), mdicatmg that Neurospom is unable to convert 
d- to Z-serme This findmg is m harmony •with the observation that 
cZ-senne is not attacked by the Neurospora enzyme Similar evidence for 
other ammo acids has been obtamed ■with mutants currently under investi- 
gation and ’Will be published at a later date 

TZiis ivork ■was supported by grants from the EockefelZer Foundation 
The author is mdebted to Dr Da’vid Bonner for samples of the following 
ammo acids cZZ-prohne, dZ-N-methylleucme, dZ-N ,N-dimethylleucme, and 
dZ-/3,/3-dimethyl-a:-ammo-n-butync acid A sample of d(— )-alanine ■was 
generously promded by Professor M S Dunn of the Umversity of Cah 
forma, Los Angeles 


SUMMARY 

1 Extracts of Neurospora contain a cZ-amino acid oxidase similar in its 
action to the tZ-ammo acid oxidase of mammalian tissues 

2 The pH optimum of the system hes at pH 8 0 to 8 5 

3 The enzyme is destroyed by drying, but is not mhibi+'^d by cyanide, 
lodoacetate, or benzoate It is competitively mhibited by isovahne 

4 The d forms of the followmg ammo acids are rapidly ly’adized methi- 
omne, phenylalamne, norvahne, citruUine, argmine, a-ammo n-butyno 

■ leucme, norleucme, isoleucme, and glutamic acid The following are 
/ y oxidized aspartic acid, valine, alanme, a-amino-n-capryhc acid, 
^ y < a-ammophenylacetic acid, tryptophane, ormthme, N-methyl- 
leucme The follo’wmg are not oxidized glycme, serme, threomne, prolme, 
/3-alanme, j3-ammo-n-butync acid, a-ammo-a-ethylbutync acid, 
dimethyl-a-ammo-n-butync acid, N,N’-dimethylleucine, leucylglycine, and 
isovahne 

5 The actmty of the enzyme shows a marked dependence on the chain 
length of the substrate It was found that an optimum chain length 
exists 

6 The rhle of d-ammo acid oxidase in the ■wild type and in mutants of 
Neurospora is discussed 
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A LEUCINELESS MUTANT STRAIN OF NEUROSPORA CRASSA 


Br DAVID C REGNERY* 

{From the School of Exologital Sciences, Stanford University, California) 
(Rccened for publication, January 21, 1944) 


It has been 8hot\Ti by a number of investigators that genes influence 
specific biochemical reactions (1) Beadle and Tatum (2) have desenbed a 
method by which gene mutations influencing the production of known 
substances can be mduced and detected m the red bread mold Neurospora 
This organism requires for growth only morgamc salts, mtrate or 
ammomum mtrogen, a carbon source, and biotin Mutant strains have 
been isolated each of which requires for growth a vitamm, ammo acid, or 
some other substance in addition to the materials present m the basal 
medium Several such mutant strains have been found to require the 
ammo acid leueme for normal growi;h, and these were made available to the 
wnter for detailed study At the outset it was appreciated that such a 
kmneless mutant might serve as a basis for a microbiological assay for 
leueme After extensive teats of three mutant strains, the particular one 
desenbed in this paper. Strain 33757, was selected as the most suitable 
This ongmated m matenal treated with ultraviolet hght 
On the basis of the results desenbed m tlus paper Ryan and Brand have 
used Stram 33757 to determme leueme m protein hydrolysates and have 
shown the Neurospora method to compare favorably with the isotope dilu- 
tion and solubihty product methods The details of the method as used by 
Ryan and Brand are given m the following paper (3) 

Genetic Analysis — Neurospora crassa is heterothaihe, le, produces 
asGospores only if strains of the two mating types are put together When 
crosses are made between strains of opposite matmg type, fertile frmtmg 
bodies are produced which contam asci, each Lavmg eight sexual spores 
(ascospores) arranged in linear order If a mutant stram such as leucineless 
differs from the wild type by a smgle gene, it follows from the mechamsm 
of the cell divisions by which the eight ascospores are produced from a smgle 
ploid zygote nucleus that each ascus from a cross of the mutant stram 
''ith the wild type would contam four spores cairymg the mutant allele 
and four carrymg the ongmal normal allele Thus if the spores are ger- 
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mmated, four of the resulting haploid myceha should be able to grow on 
media deficient m leucme and four should be unable to do so The arrange- 
ment of pairs of spores carrymg mutant or normal alleles mdicates the 
distance of the segregating gene from the centromere of the chromosome 
m which it is located (4) 

From crosses of kucinekss (Strain 33757) and wild type strains, spores 
from 131 asci were isolated, their positions m the asci recorded, and cultures 
established from them on a medium containing leucine Transfers of 
comdia were then made to a medium in iihich no leucme was present and 
the cultures classified as to them abihty to grow In all instances the 
results were consistent with the assumption of a smgle gene difference 
between kucineless and nonnal strains When all eight spores germinated, 
four of the resultmg strains grew in the absence of leucme and four did not 
In 110 asci the two types of spores were arranged m groups of four, indi 
catmg first division segregation, while m the remammg twenty-one asci 
the types were m groups of two as expected from second division segrega 
taon This mdicates that the gene concerned is approximately eight map 
umts from the centromere 

In genetic crosses leucineless segregated mdependently of sex (matmg 
type) and of the sex-lmked character albino-1 and is therefore not located 
on the sex chromosome It does show linkage with a morphological char 
acter designated 6801 After a prehmmary cross gave nseto the double 
mutant stram leuanelessSSOl , this double mutant was crossed to the mid 
type, and spores from forty-two asci isolated m order An analysis of the 
results summarized m Table I mdicates that gene 5801 is close to the centro- 
mere of the chromosome m which it is located and that the leuctneless gene 
IS about four map umts from 6801 

Specifialy of Ammo Acid Requirement of Strain 33767 — Subcultures of 
the ongmal and of the genetically derived strams of Strain 33757 haiT 
been mamtamed at 20-25° on media fortified with leucine and under these 
conditions all stocks have thus far retamed the specific charactenstics of the 
ongmal culture Of the amino acids investigated only leucine supports 
growth of this mutant A negative response was found with each of 1 c 
followmg dl-alanme, Z(-l-)-argmme, 1(— )-asparagme, l(-)-c 5 ^tine, /(+; 
glutamic acid, glycme, I(— )-histidine, 1{— )-hydro\yprolme, di-isoleucme, 
K+)dyBme, l{ — )-methiomne, dl-norvahne, dl-norleucine, di-phenylalanine, 
I(— )-prohne, dl-senne, dl-threomne, I(— )-tryptophane, l(-) -tyrosine, an 
r^vahne The growth-promotmg activity of the keto and 
analogues of leucme and certam other related compounds is consider w 
subsequent section . 

Qerminaiton of Contdia in Response to Leucine — Gernimation o c^ 
(asexual spores) is readily observed m hangmg drop cultures po 
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Strain 33757 fail to germinate in a medium which contams no leucine or 
l(-)-leucine m a concentration of less than 0 5 7 per ml At 25° signs of 
germination are usually apparent in 4 to 6 houis, although this period is 
markedly mfluenccd by the age of the spores, their degree of desiccation, 
and their size Vanations in sucrose, biotin, or inorganic salt concentration 
do not appreciably affect the time required for germination 

From these observations it is clear that gernunation of comdia can be 
used to estimate leucme concentrations This method is particularly 
useful for bioassays in instances in which only small amounts of material 
are available 

Quantttaitve Dependence of Mycelial Growth on Available Leucine — Growth 
responses m Neurospora can be measured in several nays One of these 
involves the measurement of rate of progression of a mycelial frontier along 

Table I 

Data on Segregation of Leucineless in Aset from Cross of Normal and Double Mutant 

Leuctneless, 5801 

Inability to grow in the absence of leucine is indicated by the symbol le Mutant 
5801 18 designated by ite number + indicates the non-mutant conditions, + to the 
left indicates abilitj to grow in absence of leucine, + to the right indicates astrain 
that IS not mutant 5801 


No of ASCI 

CossUtutiofiS of spores 


Pairl 

P«Ir2 

1 Pair 3 

Pair 4 

20 

' Ic 6S01 

Ic 5801 

f + + 

+ + 

19 

+ + 

+ + 

Ic 5801 

le 5801 

1 

Ic 5801 

+ 5801 

Ic + 

+ + 

1 

Ic + 

+ + 

+ 5801 

le 5801 

1 

+ + 

Ic + 

le 5801 

•f 5801 


the surface of an agar medium (5) This method is unsatisfactory for 
leucineless Strain 33757, because at intermediate leucme concentrations 
growth IS sparse and the mycehal frontier is therefore not well defined 
In a second method the dry weight of myceha produced in liqmd medium 
18 measured over a limited time interval, eg , 3 days (6) As a third 
procedure growth may be measured as the maximum mycelial dry w eight 
obtamed on a given substrate This “total growth” method has pio\ed 
most satisfactory for leuctneless, and all data presented are based on it 
Quantitative measurements of groivth were made by culturmg the mu- 
tant stram m Erlenmeyer flasks containmg a liquid basal medium com- 
posed of a mixture of morgamc salts, sucrose (2 per cent), and biotin (6) 
Leucine was added m the form of a methionme-free preparation of Z(— ^ 
leucme Recrystalhzation of this did not change its growth-j- <_ 
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activity Inoculations were made with suspensions of asexual spores 
Although the size of the inocula was found to be without effect on the final 
w'eight, each flask of an experimental senes was moculated with a fixed 
amount of i single suspension Flasks of varjing sizes were employed, 
depending on the volume of media For 25 ml or more of medium, 250 
ml flasks w ei e used, w hile for smaller xmlumes 50 and 125 ml flasks served 
Cultures w ere incubated at 25° and shaken twice daily to prevent sporula- 
tion Mycelial weights were determined after the myceha were removed, 
the excess w ater squeezed out, and the matenal dned at 90-100° for 4 hours 
or more 



Time in ityj 


Fig 1 Dry w eight of myceha produced by Strain 33757 grown for varying tunes on 
varjing amounts of f(— )-leucine The concentration of leucine is kept constant at 
0 I mg per ml and the amount varied by varying the volume of medium as indicated 
The dotted line indicates additional dry weight produced on the filtrate of a 7 day 
10 ml culture following the addition of 1 mg of 1(— )-leucine and rcinoculation 
Each point represents the average calculated from two to forty -one determinations 

The stock used for quantitative work w'as the double mutant leucineless- 
albino-1 (Strain 33757-4637) The albino character was addea to mcrease 
the chance of detecting possible contamination with non-leucineless strains, 
most of which would have salmon-colored comdia Stock cultures were 
mamtamed on agar slants of the minimal medfum fortified with leucine 

The dry weights attained at different times with three \ olumes of me um 
are indicated in Fig 1 It is observed that dry weights reach 
values and are maintained at a constant level for at least 7 days Tha e 
amount of leueme employed is limiting is shown by the fact ^ 

mycehum is removed from a culture after cessation of growth, t e m 
autoclaved, leucine added, and the culture reinoculated, further grow 
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obtained (Fig 1) Addition of fresh !eucine-free medium to a culture in 
iihich growiih has ceased does not result in additional growth Further- 
more, the filtrate of a culture m iihicli grovs th of the mutant has ceased mil 
support growth of a mid type strain 
It mil be noted in Fig 1 that the dry weights are proportional to the 
amount of leucine and in this case to the amount of medium If the volume 



Fiq 2 Relation of dry weight production by Strain 33757 to f(— )-Ieucine concen- 
tration The cultures were grown in 10 ml of medium in 50 ml flasks for 7 days 
at 25' 


Table II 

Influence of Amount of Sucrose on Weight of Mycelium Produced on Constant Amount 

(I Mg ) of Leucine 


The cultures were incubated 9 days 


Sucrose per flask « 

Volume of medium per flask 

Average weight of myceliunr* 


ml 

mg 

0 20 

10 0 

27 6 

0 20 

20 0 

27 5 

0 20 

50 0 

27 2 

0 40 

10 0 

32 9 

0 40 

20 0 

32 8 

1 00 

SO 0 

41 1 


of medium is kept constant, howevei, a concentration curve showing a 
shght deviation from a linear relation is obtained (Fig 2) 

If the absolute amount of sucrose is increased, an mcreased grow'th of 
lajcehum is obtained This holds under conditions of constant concen- 
tration or constant volume (Table II) The limited growth at low'er 
sucrose levels is not the result of an insufficient carbon supply, since in all 
cases the filtrates were able to support furthei groivth when suppleipente 
with leucine 
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actmt}" Inoculations nere made with suspensions of asexual spores 
Although the size of the mocula was found to be mthout effect on the final 
u eight, each flask of an expenmen tal series nas inoculated with a fixed 
amount of a single suspension Flasks of varjung sizes were employed, 
dependmg on the volume of media For 25 ml or more of medium, 250 
ml flasks XX ere used, xx hile for smaller x'olumes 50 and 125 ml flasks serx ed 
Cultures xx ere incubated at 25° and shaken twice daily to prevent sporula 
tion Mj’'cehal xx eights xx ere determined after the mycelia xx ere remox'ed, 
the excess xx ater squeezed out, and the matenal dned at 90-100° for 4 hours 
or more 



Fig 1 Dry xx eight of mycelia produced by Strain 33767 groxx n for varjang times on 

varying amounts of f(— )-Ieucine The concentration of leucine is kept constant a 
Olmg per ml and the amount vaned by varying the volume of medium as indicate 
The dotted line indicates additional dry xxeight produced on the filtrate of a 7 day 
10 ml culture following the addition of 1 mg of 1(— )-leucine and reinoculation 
Each point represents the average calculated from two to forty-one detennina ions 


The stock used for quantitative xxork xxas the double mutant leitcinekss 
albino-1 (Stram 33757-4637) The albmo character xx as addett to mcrease 
the chance of detecting possible contamination xxith non-leucineless strains, 
most of xvhich xxould hax^e salmon-colored comdia Stock cultures xvere 
mamtained on agar slants of the mimmal medium fortified xxitb leucine 
The dry xveights attained at different times xxith three x olumes of me xun 
are indicated m Fig 1 It is observed that dry xxeights reach 
values and are maintained at a constant level for at least 7 days ® ^ 

amount of leueme employed is limiting is shoxxm by the fact t a 
mycelium is removed from a culture after cessation of groxx4h, t e ^ ^ 
autoclaved, leueme added, and the culture reinoculated, further gro 
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Within a pH range of 3 9 to 7 6, the hydrogen ion concentration of the 
culture medium has an insignificant effect on the weight-leucme ratio 
This IS likewise true of temperature variations between 20-30°, but above 
35° there is a marked falling off of dry weight At 40° the mycehal iveight 
per mg of leucine was 17 6 mg , whereas at 25° the corresponding value was 
28 mg under the conditions reported in Fig 2 
Hydrolysis of Pephdes and Proteins hy Strain 33757 — The dipeptides, dl 
leucylglycme and glycyl-Meucme, are utilized by this mutant although 

Table IV 


Leucine Values for Casein* As Measured by Neurospora Bioassay 
In all cases, measurements were made at 25° in SO ml flasks containing 10 ml of 
culture medium 


Treatment of 
casein 

Amount of 
casein 

Amount of 
i(— ) leucme 

Incuba 

tmn 

period 

Dry 

weight of 
mycelium 

Calculated 

leucine 

Lencme 

content 

Recovery 
of added 
leuane 



mg 

days 

m 


per cent 

per cent 

HCl-hydro- 


0 

8 

31 1 

1 1 

11 


lyzed 

1 


1 

32 8 

1 2 

12 



5 

0 

1 8 

19 8 

0 65 

13 






20 7 

0 70 

13 



5 

0 5 

8 

29 7 

1 0 


91 





30 8 

1 1 




0 

0 5 

8 

15 9 






1 


16 1 




Tryptio-hy- 

10 

0 

5 

31 6 

1 1 

11 


drolyzed 



7 

31 5 

1 1 




5 

0 5 

5 

30 3 

1 05 


100 



1 

7 

30 2 

1 05 




0 

1 0 

5 

29 8 







7 

28 1 




Unhydrolyzed 

10 

0 

8 

29 7 

1 05 







30 5 

1 05 







31 1 

1 1 

11 0 





10 

29 6 

1 05 

10 6 



* S M A Corporation, vitamin-free preparation 


in each case growth is imtially slower than on leucme The final weig 
attamed on glycyl-Weucme are equal to those induced by an equimo ar 
quantity of leucine, while those attamed with dHeucylglycme are ower 
than would be expected on the basis of complete hydrolysis and utilization 
Leucyldiglycme is apparently not hydrolyzed, since a mixture mth eucine 
gives values no greater than the leucme controls Tested m the Mine as 
ion, glycylleucylglycme shows shght activity Since the produc 
peptidases frequently is mcreased by growth on unhydrolyze pro > 












D C HEGNEni 


159 


attempts ^\ere made to obtain growth on the three inactive peptides by 
making use of mj'celial tiansfers from cultures growing on gelatin, casern, 
egg albumin, oi glycyl-Meucine In all cases these attempts were un- 
successful 

The leucuicless mutant can h3’’diolyzc proteins and thereby satisfy its 
leucine requnement if m3'celial inocula are used or if growdh is staited b3'' 
addmg a small amount of free leucine Casein and zem produce abundant 
growth 111 5 da3s Hcmoglobm and gliadin are likewise rather readil3 
broken dowm, whereas gelatin and egg albunnn are more slowly utilized 
Table IV summarizes prehminaiy data on the leucine content of casern 
The results obtained with the unh3’'drol3'zed piotem, an acid li3'drol3'sate, 
and a tryptic digest are m reasonable agreement On the basis of this 
general procedure Ryan and Brand have developed a quantitative method 
for the determmation of leucine m protein h3'drol3^tes, which is reported 
m the following paper (3) 


DISCUSSION 

It IS assumed that m Stram 33757 leucine is not synthesized because of 
the mactivation or loss of a gene which is necessary for some one step m the 
biosynthesis of leucme This need not impl3’' that there is only one gene 
involved m this s3mthesis In fact, it seems more likel3' that there are as 
many genes concerned as there are steps involved m the synthesis It 
might reasonably be expected that precursors entenng into the S3"stem 
pnor to the reaction blocked in Stram 33757 would be inactive, whereas 
those that enter reactions subsequent to the blocked reaction would be 
active m promoting growth On such a basis it is difficult to determine 
from the available mformation what reactions are normaIl3'’ mvohed in 
leucine s3mthesis and which of these is blocked m the levctneless strain 
The keto acid analogue of leucine is the onJ3 compound tried that is the 
equivalent of leucine for the mutant stram It is therefore probabl3’^ a 
precui-soi of leucine Leucic acid ma3'^ be utilized via oxidation to the keto 
acid Since isovalenc acid or aldeh3 de and isoam3 1 alcohol are not active 
m initiating growth of the mutant, it seems likeh' that they are not normal 
precursors but that they ma3 be converted into normal precmsors oi into 
leucine by leactions that are not part of the normal course of 0301 thesis of 
leucine in Neurospora 


bUMMAKV 

An ultiaviolet light-induced leuctneless mutant stram of Neurospora 
crassa is reported which is differentiated from normal by a smgle gene 
The leucineless strain responds specificall3 to leucme and its keto acid 
analogue Conidia of this strain fad to germinate and ra3meha fad to grow 
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m the absence of leucine or a-ketoisocaproic acid Other ammo acids and 
various other compounds related to leucme aie mactive m mducmg ger 
mmation or groivth Leucic acid shows growth-promotmg activity if 
growth IS initiated by adding small amounts of i(— )-leucine or its keto acid 
analogue Isovalenc acid, isovaleraldehyde, isoamyl alcohol, and d(+)- 
leucme m the presence of 1(— )-leucme increase the weight over that of the 
?(—) -leucine controls but by themselves mil not initiate growth 
Under standard conditions the dry weight of mycelium produced by 
leucineless m hqmd culture is approximately proportional to the leucme 
available The weight-leucine relation is stable over rather wide vena- 
tions in pH, temperature, salt concentration, and presence of vanous 
extraneous substances It is, however, mfluenced by wide vanations m 
the sucrose-leucine ratio 

A leucineless mycelium, once growth is started, is capable of obtammg 
the leucme it reqmres for further growth from certain peptides and proteins 
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The first ammo acid to be obtamed from piotems 1138 leueme In 1819 
it was obtamed by a microbiological procedure (1) and in 1820 by acid 
hydrolysis (2) Almost a hundred years elapsed before the presence nas 
recogmzed (3) m proteins of an isomer of leueme, isoleucme, which could 
be separated from leueme only with great difficulty 
With the exception of the protamines, leucine has been found together 
mth isoleucme m all proteins’ and these ammo acids frequently constitute 
an appreciable part of the molecule It is only recently that accurate 
methods have been desenbed for the determmation of leueme and iso- 
leucine together^ and of l(-i-)-}eucme ’ * The trso methods for the deter- 
mmation of i(-|-)-leucme require much time and analytical skiU, the isotope 
dilution method, moreover, makes use of highly speciahzed equipment 
This paper describes an accurate, relatively simple microbiological 
method, based upon the n ork of Beadle and Tatum on mutants of Neuro- 
spora (9), for the determmation of i(-l-)-leucme For this purpose, the 
“leucinekss” stram of Neurospora crassa described by Regnery m the 
precedmg paper (10) vas used 

The reliabihty of the new microbiological procedure vas checked b> a 
comparison with the methods dependent on solubility product and the 
isotope dilution (c/ Table V) We are indebted to Dr Bergmann, Dr 
Stem, and Dr Moore for preparations of gelatin and crystalline egg albu- 
mm With our new method we find 3 6 and 9 C per cent of leueme respec- 
tively in these preparations, while 3 5 and 9 1 per cent were obtained by 
Moore and Stem by the solubility pioduct method (6) We are likewise 
mdebted to Dr G L Foster for a pieparation of crystalline hoi-se hemo- 

* Some of the experiments reported in this paper were presented before the Di- 
vision of Biological Chemistrj at the Pittsburgh meeting of the American Chemical 
Society, September, 1943 

’ Ribonuclease does not contain f(-l-)-leucine (E Brand and F J Rjan, unpub 
hshed expenments) 

’ Chromatographic adsorption method of Synge and coworkers (4) 

’ Isotope dilution method of Rittenberg and Foster (5) and solubilit> product 
method of Bergmann and coworkers (6, 7) 

’ For the designation cf Clarke (8) 
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globm With a Z(+)-leucine content of 15 1 per cent as determmed by the 
isotope dilution method ® The leucine content of this preparation deter- 
mined microbiologically was 15 7 per cent It, therefore, appears that for 
proteins of leucine contents ranging from 3 to 16 per cent the microbiological 
procedure yields values uhich are consistent with those obtained by ti\o 
other reliable methods of determination based upon fundamentally different 
principles 

A reasonable estimate of the amount of isoleucme in protein hydrolj sates 
may be obtained fiom the difference between the values for leucine -b 
isoleucine (determined chromatographically (4) or bj Dakin’s method 
(11)) and for leucine For example, the leucine -b isoleucme content of 
gelatin was found to be 6 7 per cent chromatographically (4) and 7 1 per 
cent by Dakm (11) Subtractmg the leucme content of gelatin (3 6 per 
cent established by two mdependent methods, cf Table V) we obtain a 
probable isoleucme content of gelatin of from 3 1 to 3 5 per cent 
The mutant of Neurospoia nhich ne have used for the determination of 
leucine needs foi growth onl> this one amino acid, a smgle vitamin (biotin), 
sugai, and salts Foi bioassays this relative simplicity is a great advan- 
tage, particularly iihen contrasted with the multiple ammo acid and vita- 
min lequirements of Lactobacilbis This multiplicity and interdependence 
of glow th factors complicates bioassays with various strains of Lacldbacxllus, 
as is apparent troin the current discussion in the literature (12-19) These 
difficulties are reflected in the discrepancies m the values foi the amino acid 
content of protem hydrolysates determined with the aid of Laciohaalbis 
n a conservative approach we would lefram from considering such micro- 
Oiological values as sigiuficant without other confirmation such as compari 
son with dependable data in the literature 

In the case of arginme the bioassay with Lactobacillus casei gives rehable 
results since McMahan and Snell’s (18) figures for the arginine content of 
several proteins are in good agreement with the hterature This agree- ^ 
ment, how ever, does not necessarily prove the reliability of this particular 
procedure (18) when applied to other ammo acids, each ammo acid consti 
tutes a separate problem 

The interpretation of the microbiological values is particularly difficult 
for those ammo acids for which theie are few conclusive data in the litera- 
ture (e g the valine content of casein is 6 8 per cent according to McMahan 
and Snell (18) and 4 9 per cent according to Hegsted (19)) 

For the leucme content of proteins leliable data, obtained bj the metho 
of solubility product and isotope dilution, are available in the literature 
only' for gelatin, egg albumin, and horse hemoglobin (prev lous data in t e 
literature refer to the leucme -b isoleucme content) Since the metho wit 

‘ G L Foster, personal communication 
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Neurospora yields reliable values for the leueine content of the above three 
proteins (c/ Table V), our results can be used for these and other proteins 
as a basis of comparison For gelatm (3 6 per cent leucme) and for casern 
(9 8 per cent leucine) the results of Kuiken cl al (17) mth LaclohaciUiis 
arabinosus compaie favorably (3 3 and 9 3 per cent leucine respectively) 
On the other hand, Hegsted (19) finds much less leucme in casern (7 4 pier 
cent) and his v alue for leucme in edestm (5 5 per cent) is likewise appre- 
ciably loner than ours (7 4 per cent) 

The fact that Kmken el al (17) find only 1 7 per cent of isoleucme in 
gelatm (or one-half of the amount of isoleucme that may, from the above 
discussion, be assumed to be present) throns doubt upon their value for the 
isoleucme content of casein (6 5 per cent) From the results for gelatm 
it could be inferred that their value for casein may be too low, but it seems 
high if the data m the hterature (20) are considered in conjunction with our 
v'alues for the leucine content of this protein 

The bioassay of ammo acids is m its very begmmng Despite the com- 
plevities the outlook is fav'orable, provided that proper criteria are adopted 
to establish the reliability of the new methods 

> \PERIMENTAL 

Organism — The fungus Neurospora consists of a white fibrous mat (my- 
celium) which propagates by the formation of asexual spores (comdia) 
which appeal macroscopically as a fine powder, usually pink, but white 
in the case of albino strains of Neurospora As the mycelium ages, it 
becomes transformed almost entirely into comdia w'hich wall not germinate, 
1 e , produce a new mycelium until transferred to fresh medium The 
huanehss mutant, Strain 33753-4637 (A) (subsequently referred to as the 
mutant), is an albmo, genetically pure and umsexual strain of Neurospora 
erassa and its stock cultures as received are for the most part a comdial 
mass 

Mamlenance of Slock CuUuics — Stock cultures are mamtamed m test- 
tubes (160 X 16 mm ) on agar slants These are prepared by dissolvmg 
with heat 2 gm of agar (Bacto) and 0 5 gm of casern hydrolysate (Casa- 
mmo acids, Difco) m 100 cc of basal medium (c/ below) About 10 cc 
of this solution per test-tube (plugged with non-absorbent cotton) are 
sterilized by autoclavmg for 10 minutes at 15 pounds pressure and allowed 
to cool m a slanted position Upon receipt of a stock culture a small clump 
of comdia is transferred on the tip of a sterile needle to each of several 
sterile agar slants Growth is permitted to take place at about 25 for 6 
to 8 days until profuse foimation of comdia occurs, the test-tubes are then 
stored at about 10° Stock cultures prepared and stoied m this manner 
can be used for 1 or 2 months, after which time fresh stock cultures should 
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be prepaied by again transferring to fresh medium In our experience the 
stock has thus far remamed genetically pure and can be mamtained if 
proper sterile technique is used Contammation of stock cultures has not 
been observed but if it occui-s such cultures should be discarded since 
purification is rather difficult 

Basal Medium — The basal medium is a modified Fries solution (21) and 
was selected for reasons discussed m detail by Ryan, Beadle, and Tatum 
(22) , its composition is given in Table I The basal medium is an almost 
colorless, clear solution with a pH of 5 5 Immediately after the prepara- 
tion of a batch it is tmnsferred to Pyrax bottles (not larger than 1 liter) 
which are plugged with non-absorbent cotton and stenlized by steaming 


Table I 

Compostlton of Basal Medium* 


Ammomum tartrate, gm 
" nitrate, " 

Potassium phosphate, monobasic, SSrensen’s, gm 
Magnesium sulfate 7HiO, gin 
Sodium chloride, gm 
Calcium " anhydrous, gm 
Sucrose, gm 

Biotin, S M A Corporation, concentrate No 200, cc 
Bono acid, mg 67 

Feme chlonde 6HiO, mg 96 

Zinc chlonde, mg 420 

angancse chlonde 4H 0, mg 144 
dium molybdate, mg 42 

Copper sulfate, mg 375 

Distilled water to 10 liters 
Add salts to water 


in I liter distilled water, cc 


SO 

10 

10 

5 

1 

1 

100 

2 (40 y) 


10 


* All matenals are reagent grade 

m an autoclave first at atmospheric pressure for 16 mmutes and then at 
15 pounds for 30 minutes, or at 20 pounds for 15 mmutes Repeated 
autoclaving should be avoided Solulions that become opalescent, cloudy, 
or colored should he discarded 

Assay Technique — The followmg procedure has beiin adopted as the 
result of numerous expenments w'hich will be discussed bnefly below but 
not reported in detail 

1 Up to 5 cc of a standard solution of Z(+)-leucme or of an unknown 
solution such as a protein hydrolysate (c/ hydrolysis) are measured into a 
125 cc Pyrex Erlenmeyer flask If less than 5 cc of the standard or un- 
known IS used, distilled w ater is added to make the v olume 5 cc The tote 
amount of leucine m the standard or unknown should be no less than 
and no more than 0 8 mg (c/ “Standardization”) 




F J HI AN \ND L BIUND 


165 


2 45 cc of basal medium are added and mi\ed 

3 The flasks are plugged with non-absorbent cotton and sterilized by 
autoclavmg for 10 mmutes at 15 pounds pressuie 

4 When eool the flasks arc inoculated with conidia from a stock culture 
The amount of comdia used is not critical but the smallest quantity macro- 
scopically visible on the tip of a sterile needle should be employed 

6 The flasks are incubated at a constant temperature of 30 0° ± 0 2° 

6 The experimental cultures are permitted to grow for 8^ days, dunng 
w’hich time they are shaken by hand twice daily to prevent the mycelium 
from adhermg to the w alls of the flask and foi ming conidia 

7 The contents of the flask are then filtered with suction through a tared 
30 cc glass crucible with a sintered bottom (Jena porosity 4 or Pyrex 
porosity F, selected for rapid filtration) The tare w eight of the crucible is 
established after it has been cleaned, first with chromate-sulfuric acid 
solution for 2 hours, nnsed m tap and distilled water, then washed with 
suction, twice with distilled water, and once with 95 per cent alcohol, and 
finally dried for 12 hours o\ei CaClj in a vacuum desiccator at room tem- 
perature Forceps ivith nibber tubmg on the tips are used to handle the 
clean crucibles 

8 Suction IS continued until the mycelium forms an opaque white mat 
on the bottom of the crucible, this should not requue more than 30 to 60 
seconds 

9 The Erlenmeyer flask which contained the mjcelium is nnsed twice 
with 12 5 cc of distilled water which is used foi two washings of the mat 
m the crucible in such a way that the mat is first stirred up and then re- 
formed as m step (8) 

10 The lower part of the ci ucible is now iviped dry with a clean lint-free 
cloth 

11 The crucible and contents are dned at room temperature over CaClj 
in a desiccator evacuated ivith an oil pump (through a dnente chamber) 
to about 5 mm pressure After about 18 hours at this pressure the cruci- 
bles have attained constant weight 

12 The crucibles are weighed to within 0 1 mg and the dry w eight of the 
mycehum determmed 

13 The leucme equivalent of the Aveight of the dry mycelium is rea 
from a standard curve or, preferably, calculated with the aid of a regression 
coefficient obtamed from such a curve 

Although some of the details in the procedure described above may not 
be cntical, any attempted deviation should be carefully considered and 
an mvestigation made of the influence of such a change For instance, the 
use of a flask different in size and shape from the onexecommended m st^ 
(1) may mfluence the results by modifymg gas exchange durmg growth 
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Again, the conditions of autoclaving m step (2) are designed so that the 
sugar concentration is not reduced by caramehzation and does not become a 
liimtmg factor for groivth No detailed experiments were earned out 
on the influence of temperature but the 30 0° dh 0 2° recommended in step 
(5) IS not cntical It was chosen because studies on the rate of growth of 
Neurospora m tubes (22) indicate a favorable temperature range between 
25-35° (Unfortunately a temperature of 37° has injunous effects ) At 
30°, 43 3 mg of dry mycelium are produced per mg of leucine in days 
(c/ “Standardization”) 

A number of other pomts become clear if it is realized that what is meas- 
ured IS approximately maximum growth with leucine as the Iimitmg factor 
The amount of mycelium obtained after 7, 8|, and 10 days at 30° was stud- 
ied and 8§ days was chosen (step (6)) because it lies on the asymptotic part 
of the growth curve where small diffeiences in time, such as those associated 
wth the filtermg procedure, have no detectable effect on mycelial weight 
Also, since at 8^ days the mycelium has increased to a good approximation 
of maximum weight on all concentrations of leucine withm the hmits of the 
method (c/ “Standardization"), small differences m moculum size, etc, 
which affect the rate of growth have no influence on final weight It was 
therefore not necessary to attempt control of inoculum size by '•he use of a 
suspension of conidia 

The deterimnation of dry w'eight of the mycelium in filter crucibles as 
described in steps (7) to (12) is a deviation fiom the techmque heretofore 

’ployed -with Neurospora m which the mycelium is pressed bctiveen filter 
, rolled into pellets, and dned in an oven 

Standardization — Extensive prelimmary expenmen ts were earned out 
with 1 commercial preparation of f(-l-)-leucme, the final expenments with 
a sample of pure Z(-l-)-leucme for which we are mdebted to Dr Bergmann, 
Dr Stem, and Dr Moore (c/ (6)) In Fig 1, mg of mycelial weight are 
plotted agamst mg of leueme present, the individual pomts represent the 
average of from tw o to five determinations m a senes of four expenments 
It can be seen that a linear relation e'osts between mycelial weight and 
leueme, up to about 36 mg of mycelium The line in Fig 1 w as calculated 
by the method of least squares from twenty -four determmations between 
11 and 36 mg of mycelium The standard deviation of these twenty four 
pomts from the calculated line is 3 per cent and the standard error 0 6 per 
cent The relation betw een mg of leueme present and mg of mycelium 
obtained can therefore be expressed m the form of the followmg straight 
Ime equation. 


Mg leucine = 


mg mycelium 


- 0 002 


( 1 ) 


42 66 
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or approximately 

Mg leucine = 0 02335 X mg mycelium (2) 

In nssaj's all experiments yielding mycelial weights of less than 10 mg are 
routinely discarded as too small for accuiate weighing Likewise, mycelial 
Heights aboie 35 mg are eliminated as too close to the point at which the 
values begin to donate from a straight line (c/ Table II) 

Once a standard curve is established, only occasional checks need be 
run, since under standard conditions the numerical relation between leucine 
and growth has proved constant and reproducible over a considerable 
penod of time 



Fig 1 Relation of leucine to mjcelial weight 

Adaptations — Occasionally a culture of the mutant grows as if it had no 
special requirement for f(+)-leucine, behaving similarly to the ivild type 
from which it was derived This phenomenon, as yet not clearly under- 
stood, IS called “adaptation ” Under our standard conditions, the mycelial 
weight of an “adapted” culture varies from 40 to 100 mg independently of 
the amount of leucine present Such adaptations occur on the average in 
about 5 per cent of the experiments They are easily recognized and auto- 
matically discaided, since all mycelial weights abo\ e 35 mg are eliminated 
from consideiation (c/ “Standaidizafion”) -Vn example is gi\en in Table 
II, in which the results on insulin aie reported It can be seen that no 
adaptations occuired in the ten determinations on Hydrolysate 1, while 
there were three m the ten determinations on Hydrolysate 2 
If an adaptation occurs early in the growth period, it wall easily be recog- 
nized, but if it occurs near the end, it may result in only a slight increase in 



Table II 

Delermination of l{+)-Leucine xn Cr^SlaHine Insultn' 


H>drolj'sate 

Ko 

(1) 

H> droly«ate analyzed 

Weight of dry 
mycelium 
after 8} days 

W) 

leucine equiv 
alent of dry 
mycelnnn cafeu 
lated from 
standard leu 
erne curve 

tS) 

Leucine content 
of protem 

(6)-||xioo 

Volume 

(2) 

Protein 

(3) 


ce 

ns 

mg 


per cent 

It 

1 0 

0 91 

4 8t 




1 0 

0 91 

4 7t 




1 5 

1 37 

6 5t 




1 5 

1 37 

6 5t 




2 0 

1 83 

10 2 

0 237 

12 9 


2 0 

1 83 

9 9t 




3 0 

2 74 

15 3 

0 356 

13 0 


3 0 

2 74 

16 0 

0 373 

13 6 


4 0 

3 64 

21 8 

0 509 

14 0 


4 0 

3 64 

21 7 

0 507 

13 9 

Mean ± standard error 



13 5 ± 0 3 

Standard deviation 




0 5 

2§ 

1 5 

2 15 

12 1 

0 283 



1 5 

2 15 

11 3 

0 264 



1 5 

2 15 

11 6 

0 272 



2 0 

2 89 

16 7 

0 390 



2 0 

2 89 

17 3 

0 404 



2 0 

2 89 

43 6t 




2 0 

2 89 

45 2t 




3 0 

4 31 

25 5 

0 596 

13 8 


3 0 

4 31 

24 6 

0 574 

13 3 


3 0 

4 31 

51 3t 



Mean ± standard error 





Standard deviation 





1 + 2 

Combined mean ± standard error (12 deter- 



nations) 






Standard deviation 





Leucine content of crjstalline insulin (corrected for ash) = 13 4 %, 101 4 moles 
per gm X 10*, 47 residues per mole of 46,000 (ultracentnfuge, of (23)), 45 residues 
per mole of 44,600 (from unpublished analytical data of E Brand and L J Saide ) 


* We are indebted to Dr V du Vigneaud for the sample of crystalline insulin 


(ash content 0 8 per cent) 

t 36 55 mg of drj protein iiere hjdrolyzed for 13 hours iiith 3 cc of 6 N • 
an oil bath at 130-140° The hj droljsate was adjusted with 2 5 N NaOH to p 
(glass electrode), brom cresol green being used as an internal indicator, an ma e 


t Onlj mjcelial weights between 10 and 35 mg are considered (c/ “Standardira 

I 35 94 mg of drj protein w ere hj drolyzed for 15i hours in the same way as Hj 
drolysatel, butmadeupto25cc (pH 4 30) 
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mycebal weight Such partial adaptations are probably not much more 
frequent than complete adaptations (c g , there were none m the twenty 
determmations on insulin hydrolysates in Table II) The partial adapta- 
tions cannot be distmgmshed from high values obtained for other reasons 
and therefore must be ehminated by a statistical analysis of the data (c/ 
Table III) 

Statistical Analysts — ^The mean and standard deviation of the per cent 
leucine are calculated for the individual hydrolysates (Table III, Column 
6) All values which deviate from the mean by more than twice the stand- 
ard denation are eliminated In new of the occurrence of partial adapta- 
tions it IS statistically justifiable to ehminate such values This is essen- 
tially the same as accepting as sigmficant a probability of 0 05, a procedure 
widely used by statisticians (c/ (24)) The accepted values from two or 
more hydrolysates (inth similar means) are then combmed, the mean and 
standard denation established, and all values eliminated which differ 
by more than tmce the standard denation For instance, m the expen- 
ments with horse hemoglobin, reported in Table III, three out of eight 
values are ehminated from those for Hydrolysate 1, while for Hydrolysate 
2 only two out of eight differ from the mean by more than twice the stand- 
ard deviation In estabhshmg the combined mean for Hydrolysates 1 and 
2, another value from Hydrolysate 1 is elmunated The final value for 
horse hemoglobm, based on ten determinations, is 15 7 ± 0 1 per cent ivith 
a standard denation of 0 2 per cent, in close agreement with the leucme 
content obtamed by the isotope dilution method^ (15 1 per cent, cf Table 
V) It should be noted that in the case of hemoglobin all values ehmmated 
by statistical analysis are higher than the mean finally established This 
IS m agreement mth our general experience m which values lower than 
the mean by more than tmce the standard denation are rarely observed 
This, m turn, confirms our suspicion that high values are frequently the 
result of a partial adaptation In order to obtain sigmficant results, it 
seems necessary to carry out a considerable number of determmations 
(eight to twelve) per hydrolysate and eliminate statistically any partial 

adaptations 

The values m Tables II to VI are presented as means db their standard 
eriois 

Hydrogen Ion Concentration — The dependence of the groirth of the mu- 
tant on pH has not been studied m detail under our conditions {cf (10)) 
The growth of the mutant begins on a medium (basal -f- leucme standard) 
"ith a pH of 5 5, when groiHh is completed, after days, the pH is about 
4 5 If acidity of the 5 cc of unknoini used m the assay (cf ‘ Assay 
technique,” step (1)) is between pH 1 5 and 2 2, someuhat high values of 
mycehal u eight are obtained It has been our impression that higher 
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Table III 


Determinalxon of l(,+)~Leuctne in Horse Hemoglobin* 


Hydrolysate 

No 

(1) 

Hydrolysate analyzed 

Weight of dry 
mycelium 
after 8| days 

(4) 

Leucine equiv 
alent of dry 
mycelium calcu 
lated from 

St ndard leu 
cine curve 

(5) 

Leucine content 
of protein 

Volume 

(2) 

Protem 

(3) 


cc 

Mg 

Mg 

Mg 

per cent 

It 

2 

1 81 

12 1 


15 6 


2 

1 81 

11 9 

WSBM 

15 3 


3 

2 73 

22 7t 


(19 m 


3 

2 73 

19 5t 


(16 7)t 


3 

2 73 

18 3 


15 6 


4 

3 65 

24 6 

mSEM 

16 8 


4 

3 65 

25 7 


16 4§ 


4 

3 65 

26 Ot 

■m 

(16 7)t 

Mean ± standard error 




15 7 ± 0 2 

Standard deviation 




0 4 

2|| 

2 

1 87 

12 9 

0 300 

16 0 


2 

1 87 

13 5} 

0 314t 

(16 8)t 


3 

2 80 

19 3 

0 451 

16 1 


3 

2 80 

18 7 

0 436 

15 6 


3 

2 80 

18 9 

0 441 

15 8 


4 

3 76 

25 4 

0 593 

15 8 


4 

3 76 

26 1 

0 586 

15 6 


4 

3 76 

26 5t 

0 619t 

(16 5)t 

Mean ± standard error 





Standard deviation 




■■■ 

1 + 2 

Combined 

mean ± standard error 

(10 deter- 



minations) 





standard denation 





Leucine content of horse hemoglobin = 15 7 %, 119 7 moles per gra X W, 80 
residues per mole (06,700) 


* We are indebted to Dr G L Foster for the sample of reorystallized horse hemo 

globin 

t 90 6 mg of drj protein were hydrolyzed for 14 hours mth 7 cc of 6 N HCl m an 
oil bath at 130-140° Most of the HCl was removed by repeated (four times) ci apo 
ration in vacuo the hydroly sate « as then made up to a volume of 100 cc and filtcre 
t These values are excluded since they deviate from the mean by more than 
the standard deviation They are possibly the result of a partial adaptation o e 
leuctneless mutant to the Mild type condition , 

I This value is excluded since it deviates from the combined mean by more an 

twice the standard deviation .. 

II 93 7 mg of dry protein w ere hydrolyzed for 13 hours and treated essen la y 
Hydrolysate 2 The pH of the final solution was 3 4 (glass electrode) 
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acidities may be associated wth a somew liat higlier incidence of complete 
and partial adaptations Although this point has by no means been 
cstabhslied, it is desirable to adjust the pH of the unknoivn to beti\een3 5 
and 5 0 Since brom-crcsol green has no influence on the final eight of 
the mutant, it can be used as an internal mdicator to adjust the pH of the 
hydrolysate to about 4 5 

Preparation of Hydrolysates — The hydrolysis is earned out in flasks mth 
a capacity of 40 to 75 cc , connected to reflu\ condensers by a standard glass 
joint (19/38) Several small boiling stones are added, capryl alcohol 
should be avoided From 25 to 250 mg of protein are hydrolyzed vath 3 
to 10 cc of 6 N HCl for 13 to 17 hours in a bath kept at 130-140° About 
90 per cent of the HCl is neutralized with the calculated amount of 2 5 n 
NaOH with cooling, then 5 to 15 drops of 0 02 per cent solution of brom- 


Table IV 

Effect of Tunc of Hydrolysis on Leucine Values of Casein and Egg Albumin 



Per cent of leueme 

Pfotem 

Tune of hydrolysis 


3 hrs 

8 brs 

14-16 hrs 

26 hrs 

3IV34 hrs 

Casein, vitamm-free, 
Labco 

No of hydrolj sates 

Egg albumin (Bg) * 

No of hydrolysates 

Egg albumin (C), crys- 
talline, denatured 

No of hydrolysates 

9 2 ± 0 1 

1 

8 8 ± 0 1 

1 

9 6± 0 2 

1 

9 7 db 0 1 

1 

9 8 ± 0 1 
6 

9 6 ± 0 1 

2 

9 9 ± 0 1 

2 

8 5 ± 0 1 

1 

8 2 ± 0 1 

1 

8 5 ± 0 2 
2 


* Obtained from Dr Bergmann, Dr Moore, and Dr Stein fcf (0)) 


cresol green are added and the hydrolysate is adjusted to approximately 
pH 4 5 by addition of dilute NaOH For strongly colored hydrolysates 
pH indicator paper is also used After neutrahzation the hydrolysate is 
made up to 25 to 100 cc and filtered Aliquots are set up immediately 
^or leueme determinations as described in step (1) of the assay procedure 
and the rest of the hydrolysate used for checkmg the pH 
In our earlier experiments HCl was removed by repeated evaporation 
m vacuo {cf Table III), but the neutrahzation procedure above is sunpler 
and usually allows a better adjustment of the final pH 
A preliminary hydrolysis is earned out and an approximate estimate 
of the leueme content obtained by settmg up a senes of detemunations in 
w ich the amount of protein is widely vaned (cf Table II) For su se- 
quent assays the amount of piotein to be hydrolyzed and the final vo ume 
of the neutrahzed hydrolysate are chosen so that there are present between 
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0 1 and 0 2 mg of leucme per cc of diluted hydrolysate About eight to 
twelve mdividual detemunations at two to four levels of leucme (prefer 
ably between 0 25 and 0 75 mg ) are run nTth betn een 1 and 5 cc of hj drol 
ysate (c/ Tables II and III) 

Time of Hydrolysis — In Table IV are presented some experiments with 
casein and egg albumm m -which the time of hydrolysis was varied from 3 
to 34 hours It can be seen that after 8 and 14 to 16 hours of hydrobTis 
the values for the leucme content did not differ statistically However, 
hydrolysis for 3 hours and for 26 to 34 hours gives significantly lower re 
suits Hydrolysis for about 13 to 16 hours was therefore adopted as a 
routme procedure 


Results 

In seven experiments m which kno-wm amounts of Z(+)-leucine were 
added to casein hydrolysates an average recovery of 101 5 per cent was 
obtamed 

Similar experiments m which d(— )-leucine* (0 24, 0 48, and 0 96 mg) 
was added showed a uniform utihzation of 17 per cent of this sample at all 
three levels Our observations on the utdization by Neurospora of the 
unnatural isomer of leucme in the presence of i(+)-leucme agree with those 
of Regnery (10) The inefficiency of such utihzation when l(+) leucme 
IS not present has been descnbed by Regnery in the precedmg paper and 
the possible r61e of d-ammo acid oxidase discussed (10) These findmgs 
are of mterest m connection -with observations on the rat Ratner d al 
(25) found that under normal conditions the unnatural isomer was freely 
utihzed, whereas Rose (26) found that the utihzation of (i(— )-leucme was 
insufficient for the growth of young rats when 2(+)-leucme was rigidly 
excluded from the diet 

Experiments with df-isoleucine showed no utihzation of this compound 
by the mutant m the presence of protem hydrolysates 

The leucine content of gelatm, egg albumm, and horse hemoglobin is 
reported m Table V It can be seen that the rekilts obtamed by the thra 
methods, mz the solubility product method, the isotope dilubon method, 
and the Neurospora microbiological method, are m substantial agreement 
Our value for egg albumm is shghtly higher than that obtained by 
and Stem (6) However, we hydrolyzed only for about 15 hours with HU, 
while the results -with the solubility product method are based on hydro 
ysis for 30 hours with HCl m the presence of SnCh (e/ Table IV) 

In Table VI, some prehmmary data on the leucme content of skim 
powder, dried yeast, and wheat flour are presented For comparison, we 

‘-We are indebted for the d(— )-leucine to S Ratner and t) Rittenberg, for 
optical rotation cf (25) This preparation may have contained small amo 
I(+)-leucme (c/ (25)) 
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Table V 

Companton of Leucine Content Obtained by Different Methods 


Protein 

H>dro1ysb 

Metliod 

Leu 

cine 

Gelatin (Bg)* 

14-16 his , HCl 

Neurospora 

per 

cent 

3 6 

'■ (0)t 

14-16 " 

It 

3 6 

" (Bg)° 

30 hrs , HCl-SnCl, 

Solubility product 

3 5 

Egg albumin (Bg)* 

14-16 hrs , HCl 

Neurospora 

9 6 

" " (C) 

14-16 " 

ir 

9 9 

" " (Bg)* 

30 hrs , HCl-SnCIj 

Solubility product 

9 1 

Horse hemoglobin^ 

14-16 hrs , HCl 

Neurospora 

15 7 


18 hrs , HCl 

Isotope dilution! 

15 1 


*Vfe are indebted for these preparations to Dr Bergmann, Dr Stem, and Dr 
Moore (6) , for the values obtained by the solubility product method cf (6) 

t W'e are indebted for this gelatin, prepared by the late Dr T B Osborne, to Dr 
H B Vickery 

t We are indebted to Dr G L Foster for the preparation of horse hemoglobin 
{ This result was obtained by G L Foster (pnvate communication) by the isotope 
dilution method (6) 


Table VI 


Analysts of Foodstuffs and Related Proteins 


Miterial 

Leuebe 

Tryptopbine* 

Tyrosine* 


per cent 

per cent 

per cent 

Skim milk powderf 

3 6 

0 47 

2 06 

Casein 

9 8 

1 20 

6 10 

^Laotoglobulint 

16 4 

1 94 

3 72 

Dned yeast! 

2 9 

0 54 

1 80 

Wheat flour|[ 

0 8 

0 07 

0 37 

Ghadin^ 

6 5 

0 66 

3 14 


* The values for tryptophane (ultraviolet absorption of tryptophane mercurial) 
and tyrosine were obtained by E Brand and L J Ssidel (unpublished experiments) 
(c/ (27)) 


t The values are not corrected for moisture and ash 251 mg were hydrolyzed 
with 12 cc of 6 N HCl for IS hours at 130-140° The hydrolysate was adjusted to pH 
4 3 With 18 N and with dilute NaOH, made up to SO cc , and filtered 

I The ^lactoglobulin was obtained from Dr R H Cannan 

8 The values are not corrected for moisture and ash 2S1 mg were hydrolyzed 
essentially the same way as the skim milk (final volume SO cc , pH 3 7) 

li The values are not corrected for moisture and ash 1 ^ gm were hydrolyzed 
with 10 cc of 6 N HCl + 1 cc of concentrated HCl for 23 hours at 130-140° The 
hydrolysate was adjusted to pH 4 6 with 18 n and xnth dilute NaOH, made up to 50 
CC , and filtered 

II Ghadin was obtained from Dr H B Vickery 
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have included data on the tyrosine and tryptophane content of these mate 
nala and also the values on proteins present in these materials The tryp 
tophane determinations were earned out ivith a nen method, based upon 
the absorption in the ultraviolet (at 254 m^) of the tryptophane mer- 
curial (27) 

The question of the possible loss of leucine in the humin remains to be 
studied However, Kuiken ti al (17) found little loss of leucine in sulfunc 
acid hydrolysates of casein to which large amounts of carbohydrate had 
been added 


The work reported in this papei was made possible through the kmd- 
ness of Dr George W Beadle, who put the “leucineless” stram of Neuro 
spora at our disposal 

Part of the work described in this paper was done under a contract, 
recommended by the Committee on Medical Research, between the Office 
of Scientific Research and Development and Columbia University 


SOMMARl 

A microbiological method for the determination of leucine m piotem 
hydrolysates and foodstuffs is desenbed 
The leucineless stram of Neurospora crossa reported by Regnery m the 
preceding paper was used 

The reliability of this method has been established by a comparison inth 
the methods in\ olvmg solubility pioduct and isotope dilution For gelatin 
and egg albumin we find microbiologically a leucine content of 3 6 and 9 0 
per cent respectively, while the results on the identical preparations by the 
solubility" product method weie 3 5 and 9 1 per cent For horse hemo 
globm we find 15 7 per cent of leucine, while 15 1 pei cent was obtained on 
the identical preparation by the isotope dilution method 
The mfluence of the time of hydrolysis was studied MaNimum results 
are obtamed after about 15 hours of hydrolysis 
The leueme content of crystalline insulin and edestin, the leucine, tryp 
tophane, and tyrosine contents of casein, /3-lactoglobuhn, skim milk powder, 
dned yeast, gliadin, and wheat flour are reported 
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A MICROMETHOD FOR THE DETERMINATION OF ACETONE 
AND ICSTONE BODIES 

By LEON A GREENBERG akd DAVID LESTER 
{From the Laboratory of Applied Phyttology, Yale University, New Haven) 

(Received for publication, March 24, 1944) 

The method for the determmation of acetone m small amounts of bio- 
logical fluids and air presented here was developed primarily for a study 
of absorption and elimmation of acetone under conditions comparable to 
mdustnal exposure to acetone vapors (1) The method, however, has 
useful climcal apphcation, smee it can be adapted for the rapid estimation 
of ketone bodies as well as acetone m small amounts of blood and urme 
The concentrations of acetone m the air which have been proposed as 
safe for mdustnal exposure of 8 hours range from 0 5 to 5 0 mg per hter 
(2-4) , the maximum concentrations of acetone developed m the blood are 
of the order of 1 5 to 30 0 mg per cent With the method of analys^ de- 
sonbed m the hterature it is impossible, at these levels, to follow with ac- 
curacy from small samples of blood the rise and fall of the concentration m 
the blood dunng and after exposure The repeated withdrawal of b oo , 
especially m experiments m which small animals are employed, preclu es 
the use of amounts larger than can be obtamed from skm puncture 
The most sensitive methods reported m the hterature for the deteni^a 
tion of acetone and ketone bodies, with 0 2 cc of blood, are the n^ e o 
metnc method of Shipley and Long (5) and the lodometnc met o o 
Weichselbaum and Somogyi (6) The first of these methods is, accor g 
to the authors, sensitive to 1 0 to 1 5 mg per cent of ketone bodies wRh a 
possible error of 15 per cent Weichselbaum and Somogyi, however, have 
pomted out that at low concentrations it may yield results which are seve 
hundred per cent too high and that it is difficult to obtam consistent res 
The second method is accurate but is sensitive to only 10 mg 
ketone bodies and requires 3 to 4 hours for a smgle detennmation o o 
these methods necessitate distillation of the acetone with possi y 
some loss 

The method reported here is rapid, requires no distillation, an is 
times more sensitive than previous methods With 0 2 cc o 
determmation of acetone, the method responds to 0 1 mg per cen w an 
error of ±0 05 mg per cent, and m the determmation of total ketone 
bodies, to 0 2 to 0 3 mg per cent expressed as ^-hydroxybutync aci wi 
an error of ±0 12 mg per cent In the determmation of acetone m air 
the absolute sensitivity is 0 1 to 0 2 y with an error of ±0 06 y, ns 
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sample of 1 liter is used, as m the analysis of room an contammg acetone, 
the sensitivity is 0 04 to 0 08 part per million 
The method reported here is based upon the reaction of acetone mth 
2,4-dmitrophenvlhydiazme to foim the correspondmg hydrazone, the 
separation of the hvdrazone by extraction with carbon tetrachlonde, and 
its colonmetnc deterramation in the carbon tetrachloride Dakin and 
Dudley (7) first noted that ceitam hydiazones, on mg to then diffeiential 
solubilities, could be fractionated with alcohol and that the hj'drazones 
gave intense colors m NaOH solution These observations have since 
been applied by a number of mvestigators (8-15) to the determmation of 
substances containing a tiue carbonyl group, particularh pjTuvic acid 
The application to keto acids, m general, and a study of the diffeiential 
solubilities of then hydiazones are given by Fnedemann and Haugen (16) 
In the procedures previously described for keto acids the hydrazone is 
extracted from the solvent and its color measured m alkahne solution 
The solvents were selected on the basis of the ease with which they ev 
ti acted the hydrazone and released it to the alkalme solution Fnedemann 
and Haugen found that carbon tetrachlonde was unsuited for the extraction 
of pyruvic acid hydrazone It has been found here, however, that carbon 
tetrachlonde readily extracts acetone hydrazone from acid solution and 
gives up little on reextraction with alkali Because of these solubility 
charactenstics it is possible to elimmate mterfeience from keto acids and 
estimate the yellow acetone hydrazone directly m the carbon tetrachlonde 
This feature is especially advantageous since the color complex formed by 
acetone hydrazone with alkali is unstable 
Acetaldehyde 2,4-dimtrophenylhydiazone is laigely extra' ted from the 
carbon tetrachlonde by alkali and the concentration of acetaldehyde oc 
cumng m the blood causes no mteifereuce In the determmation of 
acetone in an, as in mdustnal plants, large amounts of aldehyde or othei 
ketones may cause interference Foimaldehyde, honevei, causes no 
Intel feience because its hydrazone is completely' exti acted by the alkali 
In the determination of acetone in an , blood, or unne, and ketone bodies 
in blood or unne, \aiious initial steps aie cairied out is descnbcd m sub 
sequent •actions, the final common step is the leaction of acetone nith a 
constant volume of 2,4-dmitrophenylhy'dmzine solution The hydrazone 
formed is then exti acted with a constant volume of carbon tetrachlon e 
which IS then extracted with alkali These extractions and the colori- 
metne determmation of the acetone hydrazone are described and discuss 
here as the common feature of all the procedures to be subsequen y 
desenbed 


Reagents — 

1 Acid 2,4-dmitiophenylhydrazine solution, 0 1 per 


cent 2,4-dmitio- 


phenylhydrazme m 2 0 n HCl 



li A GnbLNnrna and d lesteu 


179 


2 Carbon tetrachloride, reagent 

3 Sodium hjdro\ide solution, 0 5 n 

2 cc of acid 2,4-dinitrophcnylhjdrnzinc solution are placed m a glass- 
stoppered graduate^ of 10 cc capacity, the solution containing the acetone 
to be anaUzed is added to give a total volume of 5 cc E\actly 2 cc of 
carbon tetrachlonde arc added 1 he graduate is stoppered and placed m a 
mechanical shaker for 10 minutes The supernatant acid solution is then 
draira off, the graduate is filled twice with distilled water which is also 
drawn off each time, and 3 cc of 0 5 n NaOH solution are added It is 
agam shaken for 3 minutes The contents of the graduate are then poured 
mto a Iflett micro colorimeter tube and read agamst a similar tube con- 
tammg carbon tetrachlonde, a IQett Filter 42 w'hich transmits light of 
wave-length 420 ma being used From this readmg is subtracted that of 
a blank determmation m w hich distilled water is used mstead of the solution 
for anal3’'sis, this blank results from impurities m the reagents and the re- 
tention of a small amount of hydrazme m the carbon tetiachloride It 
remams constant for any one preparation of the reagents 

The amount of acetone hydrazone recovered m the carbon tetrachlonde 
IS less than the total amount formed from the reaction of acetone w ith the 
hydrazme This recovery is mfluenced by two features (1) the \olumes 
of the fluids involved m the extractions, (2) the strength of the acid and 
alkali solutions used Both of these features w'ere mvestigated here m so 
far as they affected the analytical procedures Ihirified acetone 2,4- 
dmitrophenj Ihydrazone was used 2 cc of a solution of this hjdrazone m 
carbon tetrachlonde which gave a readmg of 111 divisions on the Klett 
colorimeter were first extracted wnth 3 cc of 0 5 n NaOH The color 
density of the carbon tetrachlonde did not change , a second and third ex- 
traction with 3 cc of 0 5 N NaOH caused each time a 5 per cent decrease 
m the readmg The explanation offered here for lack of change m the coloi 
density after the first extraction is that the color of the hydrazone is en- 
hanced by the presence of alkali and that this enhancement compensates 
for the small amount of hydrazone extracted by the alkali A second 2 cc 
portion of the hydrazone m carbon tetrachlonde solution was extracted with 
5 cc of 1 3 N HCl solution A reading of 96 divisions was obtamed, mdi- 
catmg a loss of 13 5 per cent of the hydrazone owang to its solubilit} m the 
acid solution Fmally, a third 2 cc portion of hydrazone in carbon tetra- 
chlonde solution was extracted with 5 cc of 0 04 per cent 2,4-dmitro- 
phenylhydrazme m 1 3 n HCl, washed wnth distilled water, and e\-tracted 
^th 3 cc of 0 5 N NaOH After the blank obtamed by similar extraction 
0 carbon tetrachloride alone was subtracted, a readmg of 123 divisions 
obtamed Thus m spite of the loss of hydrazone due to acid and 
alme extraction and over and above the enhancement of color due to the 
presence of alkali there was a further enhancement of the color of the 
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hydrazone due to the presence of hydrazme Thus, when the extractions 
mvohed m the analytical procedures descnbed m the present investigation 
are earned out, there is a loss of 13 5 per cent of the hydrazone in the ex 
traction with 0 04 per cent hydrazine in 1 3 n acid, a Joss of 5 per cent in 
the extraction with 0 5 N alkali, a 30 per cent enhancement of the color of 
hydrazone m carbon tetrachlonde due to the hydrazme, and, finally, an 
additional 5 per cent enhancement of color due to the presence of alkali 
Because of the complicated mterplay of losses of hydrazone due to extraction 
and enhancement of color in each extraction, it was impractical to stand 
ardize the analytical method by measurmg only the photometric density of 
solutions of known amounts of acetone hydrazone m carbon tetrachlonde 
Repeated determmations showed that, by using constant volumes of fluids 
m the extractions and mamtammg constant normalities of the acid and 



Fiq 1 Relation of acidity to tbe recovery of acetone bydraione 


alkah solutions, constant and reproducible readmgs were ohtamed from 
known amounts of acetone Furthermore, vanous amounts of the hydra- 
zone gave readmgs which followed Beer’s law 
The strength of the alkalme solution used m extractmg the carbon tetra- 
chlonde m the analytical procedures descnbed here was uniformly 0 5n, 
losses at other strengths were not determined quantitatively, it was noted, 
however, that alkah of greater strength extracted more hydrazone In 
determmations made m air, blood, and urme the strength of acid used m 
the prehmmary steps m preparmg the hydrazone vaned, the mfluence o 
these vanations on recovery w as therefore studied 2 cc portions of a solu 

tion of acetone hydrazone m carbon tetrachlonde were extracted first wit 
acid hydrazme and then with alkah, the acidity of the acid hydrazine so u- 
tion was vaned from 0 8 n to 2 5 n The recovenes ohtamed are shovm in 
Fig 1 m which the photometnc density of the hydrazone expresse as 
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di\ iiionR read on llio poUnimolor in »(odi>n( (lio luninalKy of tlm 

acid The poinl-H obtained fall on n iilrnifdil lino of wliloli (lio alojm ia ox- 
prcRwl by tlio oejuation, I( >• 210 — 2tfV, in wbiob It In (!m itbolonialila 
donfiity and la tho normality of tbo noid 'J'liiia wilb oacli ]N Inoioiiim of 
tlip acid tlicrp in a 10 jm r oemt me roanc of tbo bydra/onooxIracUtd from tbo 
carbon totraclilorido and tlio pbotomolilodrnaitiin at vanoiia noimaliliofi 
of acid lia\p tbo following nlationabiji to oaoli otliar 

II ^ It, 

1 - 0 IW “ 1 - 0 IW, *“ 1 - () \N, 

ThiR rclationiiliip boldii for all coiuc ntratbmaof bydia/ono wit bin (bo laiifm 
of normalilicii aliidifd 

Drlmnvifitum of Aertonf in Air 

3 cc of tbf 2,'l-dinttroj)b(nyIbydra/ine iioliition an added (o a tula or 
flaMb in wbicb tb( airaamplf latobr (olbd/fl 'i'liotiibi liu vaeiiab d v/l(b 
a Wat/ r pump and Uk rnt/ativ/ pr/cniirf rr ad from a me reiiiy maiiome l/u 
'lilt volume of tbf rarnple (obe-elraw/i Iiiealeiilateelao Kliitb' eepiatlem 

(K. -- HHh - }‘,W. \ 

^ 7f/)(27,l ( t) 

in which Vi III the toted volume of (be nir-e'etinpliof/ tube , H tbo volume of 
tbo hydrarine eiolutiori, Pj eirid /', tlie pre vailin;^ bareuoe (r)e jure run and 
the ruiidued pre uiiire in tbe tiilx aft/ re vet'iiaiieai In mm ofmereiiiy ’Jbet 
tulx: I" (ipencd in tbe air of v/bieb (be eone/ntratiem e;f ae/t/me in to be- 
ehtenninediafterbe in^ ej, it iiirliabe n ff/r 1 or2minu(/a 'Jb' aeieleme 
admitted to (he tube lanipidlytal'eM iipby the iiydra/ine redution ao'l eeui- 
verted to the hydrii/e/ne 1 e/r2ee eif tla i‘ejlu(ie/n jere tianefer/eel Utnili 
tc felae 'H'toppere d feradiuite , if only 1 ee n* ii;/ d, an a/Jdilie/ned lee of (be 
ae’id hydrarme le* a/leled to maintain tla elenred veelurn' <' i'' ejf v/a(/'l 
are a/JeJeeJ (/j bring it le; ei volume of f, <( roIu(ie;n in (be geaduat/ 

1'' then treeikd ae- eJef-enbeeJ under (la general proe/dure and the (oioi 
dtne iiy t, aej from the / olorime te r I rom t hi/* value f be blank ir e ubt ra' f/ el 
and from the remainde r the ae/ Umi >i‘ < ale ulat/ d 
fejr thi" eedeiibitirm It w nee/j mry f// i (finelareb/e' (be' eedo;ime(/r lot 
knejwft amount" of lu/ Utw , flu/ e (ane|areliJ"ttie/n e/ rve r for all i ub,/ eju< nt 
luaiUr (h U mmtdum!' Z ee of an ae/ur,t(/!y pninnA »y/t/en< aolutie/n 
coritaming 2 4 rng per lif/r ed di till'd waf/r a»e evlded to 2 e/ 

fef tbe atid bydra/ine roMu/u w a JO </ gla '-e f/efer/ re d g/,i/lnaf/ and 
*''ibje.ctedt//the ge neral prea/ dure eb/'nlad 'flu je.almg ed tb< e/de/rim- 
fk-r aft/r the bhnk i/ e ubt ret/'f/ d, i/ eJi/i'J/d iref// (be //e/g>i, In mg ed 
fee/ tone jn the i-^irnple, uj/d,lbe result I taken a-e faet//r /e, //hieb u- mg of 
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acetone per division as read from the colorimeter This factor, once de 
termmed, remams constant for the colorimeter 

To permit accurate reading of the Klett colorimeter, the largest amount 
of hydrazone m the carbon tetrachlonde should correspond to no more than 
0 02 mg of acetone, i c , a readmg of approximately 300 on the colonm 
eter Thus for air contammg from 0 1 to 0 5 mg per liter, the sampling 
tube should have a capacity, exclusive of the 3 cc of hydrazme solution 
added, of not more than 120 cc if 1 cc of this solution is to be used for 
analysis and 60 cc if 2 cc are to be used, for higher or lower concentrations, 
the volumes should be proportionately smaller or larger 


Table I 


Recovery of Acetone from Atr Containing Known Amounts 




1 Error 

Acetone added 1 

Acetone found 



Average 

Extremes 

mg per 1000 cc 

mg per 1000 cc 

per cent 

per cent 

3 02 

3 03 




3 01 




2 99 




3 05 

0 

+1 0 to -1 0 

1 67 

1 66 




1 59 




1 55 


+1 3 " -1 3 


1 65 

-0 5 

0 68 

0 68 




0 69 


1 


0 68 


+1 6 '' -2 9 


0 66 

-0 4 

0 27 

0 26 




0 25 




0 27 


+0 “ -74 


0 27 

-2 6 


The concentration of acetone as mg pei litei m the air is calculated from 
the equation 

lOOOCB - B)FD 
Mg acetone per liter air = y 

m which K is the readmg, B the blank, F the standardization factor^^^ the 
volume of hj'’drazine solution put m the samplmg tube divided y ^ 
volume taken out for analysis, and V the volume of the air sample o 
obtamed from the analyses of air contammg knorni amounts of acetone a 
shown m Table I 
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Dckrmmahon of Acclonc in Blood and Unne 

0 2cc of blood or urine IS delivered into 1 cc of vaterin a 10 cc test-tube 
and 3 cc of 5 per cent trichloioacetic acid aie added The mixture is 
filtered or centrifuged in a stoppered tube and 3 cc of clear fluid are put in 
a 10 cc glass stoppered graduate 2 cc of the acid hydrazuie solution 
are added and the solution treated as described under the general proce- 
dure If fioth dcielops during shaking, it can be removed before readmg 
b} a fen minutes of centrifugmg in the colorimeter tube The blank is 
determmed bj using 0 2 cc of distilled waterinstead of blood orurme The 
standardization for factor F is made bj' adding 1 cc of an accurately pre- 
pared acetone solution containmg 8 to IG mg per liter to 3 cc of 5 per cent 
trichloroacetic acid, puttmg 3 cc of this mixture, contammg the known 
amount of acetone, m a 10 cc glass-stoppered graduate, and proceedmg 
as above The concentration of acetone as mg per cent m the blood or 
urme is calculated from the equation 


Mg acetone per 100 cc 


i20F(R - B) 
06 


Values obtamed from the anal 3 'ses of nater, blood, and unne contammg 
known amounts of acetone are shomi m Table 11 The normal blood and 
urme used to make these solutions show'ed no acetone on prelimmary 
analysis 


Delerminahon of Total Ketone Bodies in Blood and Unne 

All current methods for the determmation of ketone bodies m blood and 
urme are based upon the conversion of acetoacetic acid to acetone by acid 
hydrolysis and the oxidation of |3-hydroxybutyric acid to acetone with 
ncid dichromate The acetone is then separated either by distillation or 
by precipitation as a complex mercury salt In the distillation of small 
amounts of acetone, Shipley and Long (5) were unable to avoid losses 
These were attnbuted by them to an unexplamed disappearance of acetone 
"hen boiled m solution m a sealed glass vessel Although Weichselbaum 
and Somogyi (6) lost no acetone in distillation, they obtamed a loss of ace- 
tone m the precipitation with Demghs’ leagent ownng to some solubihty of 
this precipitate A careful study was carried out by these authors as to the 
optimum concentrations of sulfuric acid and dichromate for the oxidation 
of ^ hydroxybutync acid to acetone In their procedure for the determma- 
tion of ketone bodies, oxidation of the | 9 -hydroxybutyric acid and distilla- 
tion are earned out simultaneously, they pomt out, however, that the ideal 
conditions would be those under which the concentrations of acid and di- 
chromate did not change 

Smee it IS not necessary to separate acetone m preparation for its reaction 
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With 2,4-dinitrophenylhydraziiie, it was possible m the method reported 
here to use a micro refiuxmg tube in the conversion of the ketone bodies to 
acetone and to avoid distillation Thus there was no change m the con 
centration of acid and dichromate This apparatus, shown m Fig 2, con 
sists of a Pyre\ glass tube 20 cm long and 2 cm m diameter, terminating 
m a standard taper female glass gnndmg Around the outside of this 
tube, from approximately 3 cm above the bottom to just below the glass 
gnndmg, is a water jacket Inside the tube is a cold finger 1 5 cm in 

Tabu: II 


Recovery oj Acetone from Water, Blood, and Urine Containing Knoum Amounts 


Water 

Blood 

Urine 

, 1 
Acetone ' 
added | 


Error 

Acetone 
added ; 

• 

Acetone 

Error 

Acetone 

added 

Acetone 

re 

Error 


Average' 

Extremes' 

coveted 

Average 

Extremes 

covered 

Average 

Exlrtiac 

VrT 

mg peri 
m cc 1 

per cot/] 

Per cent 

mg per 
JOOcc 

mg per 
too cc 

per cent 

per cent 


mg per 
JOOcc 

per cent 


9 90 

9 83 

i 


9 92 

9 88 




9 07 




9 92 



1 

9 07 




8 99 


+0 7 


9 87 


+0 7 

1 

9 88 




8 99 



9 97 

0 0 

-0 7 


9 97 I 

1 

1 

+0 5 


8 94 

Hill 

-0 8 

4 95 

6 03 




9 88 i 

■ilil 

-0 4 

6 03 

4 98 




4 89 



S 01 

6 04 I 




6 02 

1 

m 


4 98 


+1 6 


4 95 




4 93 



4 94 

+0 2 

-1 2 


4 98 1 


+0 6 

i 

4 98 


I 98 

1 98 




4 95 

-0 6 

-1 2 

1 17 

1 16 


i 


2 07 



1 03 

1 06 




1 19 


+1 7 


1 98 


+4 5 

1 

1 01 




1 19 



2 07 

+2 3 

-0 0 


1 01 




1 16 

-I 7 






1 01 










1 


1 06 


+2 9 









1 

1 1 06 

ESQ 

-1 9 





] 




0 48 

0 44 












1 0 48 












0 48 


+10 4 





1 

1 


1 


0 53 


-8 3 




- — • 


diameter which extends to 3 cm above the bottom and whose upper en 
IB fused mto a tapered male glass gnndmg so that it fits tightly mto e 
openmg of the tube The effluent arm of the outside w'ater jacket K con 
nected by a rubber tube to the mlet arm of the cold finger so that ur^ 
operation cold water flows through both the jacket and the mner u 
This rubber tube is disconnected for removal of the cold finger c 
flmd placed m this refluxmg apparatus with a few glass beads or 
tion tube can be brought quickly to active boilmg, which can en 
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tamed for auj length of time in a completely closed system Solutions 
containing c%en \crN low concentrations of acetone boiled m theappaiatus 
for 30 minutes showed no loss 

The studies of Shaffer and Mairiott (17), Van Slyke (18), and Weichsel- 
baum and Somog^^ (G) emphasize the effect upon the products of the oxida- 
tion of /3-hj droxj but ync acid caused bj change in the concentration of 
dichromate and sulfunc acid In the development of the present technique, 
the jneld of acetone from the oxidation of )3-hydro\ybutyric acid was 



Pio 2 Micro refluxing apparatus 

Studied with various concentrations of sulfunc acid and dichromate 3 cc 
portions of solutions contammg knowm amounts of the Ca-Zn salt of /?-hy- 
droxybutync acid* were refluxed with vanous concentrations of acid and 
dichromate m the apparatus desenbed above The acetone content of the 
Mixture was then determmed from reaction with 2,4-dmitrophenj’l- 
hydrazme as desenbed, but ivith one additional step necessitated because 
of the presence of dichromate Dichromate destroys both hjdrazone an 

‘ Supplied through the courtesy of the Senpps Metabolic Institute, La Jolla, 
California 
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hydrazine, therefore a feiv drops of a solution of sodium sulfite are added to 
the mixture to be analyzed before the addition of the hydrazine solution 
The resultmg chromium sulfate does not mterfere with the subsequent 
analysis Consistent maximum yields of 86 per cent were obtamed with 
an acid concentration of 2 6 N in the reaction mixture and a dichromate 
concentration of 0 077 per cent Both the concentration of acid and di 
chromate and the yield are m agreement w ith those of Weichselbaura and 
Somogyi Known amounts of ethyl acetoacetate were similarly refluxed 
mth the same concentrations of sulfunc acid and dichromate The yield 
of acetone was virtually 100 per cent Both the oxidation of ^-hydroxj- 
biitync acid and the hydrolysis of ethyl acetoacetate were found to be 
complete m 10 mmutes 

For the preparation of a deprotemized blood filtrate, zmc sulfate and 
banum hydroxide w^re used as described by Weichselbaum and Somogyi 
(6) These precipitants do not interfeie with the reaction of acetone and 
2,4-dmitrophenylhydrazme as does tungstic acid Trichloroacetic acid 
cannot be used, smce it is easily oxidized and utilizes an appreciable amount 
of the dichromate, thus affectmg the dichromate concentration 

Weichselbaum and Somogyi pomted out that sugars and lactic acid, on 
treatment with sulfunc acid and dichromate, yield matenals which form 
precipitates xvith Denighs’ reagent Neither of these was found to yield 
substances reactmg xvith 2 ,4-dmitropbenylhydrazme Id a group of 
normal human bemgs, Weichselbaum and Somogyi found total hetone 
bodies m the blood, expressed as ^-bydroxybutync acid, ranging from 0 25 
to 0 94 mg per cent In the present investigation, refluxmg of normal 
blood filtrates with the concentrations of acid and dichromate descnbed 
above gave total ketone values 3 to 5 times as high as these It w as there 
fore concluded that mterfenng substances were produced by hydrolysis or 
partial oxidation from materials other than sugar and lactic acid in norma 
blood filtrate Further mvestigation showed, however, that these products 
could be more completely oxidized and removed as mterfenng substances 
after the oxidation of /S-hydro\ybutync acid was completed by an addi 
tional short penod of refluxmg with stronger dichromate This dia n 
destroy any of the acetone already formed Thus the blood filtrate wm 
refluxed for 10 minutes with acid and weak dichromate, more dichroma ® 
added, and the mixture refluxed for an additional 10 minutes Comp e e 
analyses with this procedure for the conversion of ketone bodies to ace on 
gave, m normal bloods, total ketone bodies, expressed as ^-hydroxyb^ 
acid, ranging from 0 36 to 1 20 mg per cent m seventeen subjects 
values are of the same order of magnitude as those found by Weicnse 
and Somogyi Unne may be treated as blood for the determina ion 
ketone bodies 
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The reagents required in addition to those for the general procedure 
are (1) zinc sulfate solution, approvimately 2 5 pei cent zmc sulfate 
(ZnSOi TH-O), (2) barium hydro\ide solution, approximately 0 15 n 
T his solution must be so adjusted that u hen 5 cc of the zmc sulfate solution 
are titrated n ith it (phenolphthalem as indicator) 5 cc are required to pro- 
duce a permanent pmk color, (3)acid dichromate solution, 0 46 per cent po- 
tassium didhromate m 15 6 n H SO<, (4) 10 per cent potassium dichromate 
solution, (5) 15 per cent anh 3 rdrous sodium sulfite solution 

0 2 cc of blood or urme is added to 2 3 cc of distilled water m a small 
centrifuge tube The blood is allowed to lake and 1 cc of banum hydroxide 
solution IS added The contents of the tube are mixed and 1 cc of zmc 
sulfate solution added The contents of the tube are agam mixed and the 
tube stoppered and centnfuged for 2 to 3 mmutes 3 cc of the super- 
natant fluid are delivered to the bottom of the clean, dry refluxmg tube 
(Fig 1) contammg several glass beads or a small ebullition tube , 0 6 cc 
of acid dichromate solution is adocd, and the tube tightly stoppered mth 
the cold finger The rubber tube from the water jacket to the cold finger 
18 connected and the flon of cold water thiough the water jacket and cold 
finger started The contents of the reflux tube are heated by means of a 
micro gas burner and gentle boilmg is continued for 10 mmutes At the 
end of this time the burner is removed and w'hen boilmg has ceased the cold 
finger is lifted just enough to allow the mtroduction of 0 6 cc of 10 per cent 
dichromate solution from a 1 cc h}q3odermic syrmge This solution is 
allowed to run dowm the cold fingei The refluxmg tube is then closed 
tightly and boilmg contmued for an additional 10 mmutes At the end of 
this time the flow of water thiough the apparatus is discontmued and the 
entire tube is cooled under a water tap The tube is mverted several times 
so that any material that might have condensed on the upper walls of the 
tube will be washed down The cold finger is removed and the contents of 
the reflux tube are ready for detemunation of acetone 

3 cc of the fluid m the reflux tube are delivered mto a 10 cc glass-stop 
pered graduate 0 4 cc of sodium sulfite solution is added from a burette 
to destroy the dichromate From this pomt the procedure descnbed under 
the general section is followed 

The blank, B, which must be subtracted from the readmg obtamed, is 
determmed as follows To 3 cc of distilled water are added 0 6 cc ofthe 
acid dichromate solution and 0.5 cc of the 10 per cent dichromate solution 
3 cc of this mixture are then earned through the same procedures as the 
3 cc portion of filtrate after it has been refluxed 

In standardization of the readmgs of the colorimeter for factor F ,0 6cc 
of the acid dichromate solution and 0 5 cc of the 10 per cent dichromate 
solution are added to 3 cc of a carefully prepared acetone solufioa 
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taming 3 to 5 mg of acetone per liter 3 cc of this mixture, contammg 
a known amount of acetone, are then delivered mto a 10 cc graduate and 
treated by the procedure as descnbed above The concentration of 
acetone derived from the ketone bodies m the blood or unne is obtamed from 
the equation 


Mg acetone per 100 cc blood or urine 


1845F(R - B) 
18 


This concentration of acetone does not represent the true concentration of 
ketone bodies, smce onl 3 ' 86 per cent of the hydroxybutyric acid is oxidized 
to acetone, an exact estimation can be made only if the proportion of /3- 
hydroxj'butjTic acid present is known It has been shown by Weichsel 


Table III 


Recovery of p-Hydroxybxilyrtc Actd from Water, Blood, and Urine Added in Known 

Amounts 


Water 

Biood 

Unne 

Actd 

added 

Acid 

found 

Error 

Add 

added 

Acid 

found 

Error 

Aad 

added 

. 

Acid 

found 

Error 

Average 

Extremes 

Average 

Extremes 

Average 

Extremes 

mg per 
100 ce 

mg per 
100 ec 

per cent 

per cent 

lOOcc 

mg pet 
100 cc 


per cent 


mg per 
100 ce 

per cent 

pet tent 

2 79 

2 84 




2 12 



Mjl 

2 96 




2 60 


-1-1 8 

2 45 

4 48 




5 32 




2 72 

-2 5 

-6 8 


4 48 


-fo 1 


6 44 


+6 1 

8 66 

8 63 




4 72 


-3 7 


5 66 

-fl 2 

-3 7 


8 51 




11 82 



9 80 

12 76 




8 75 

-0 3 

-1 7 


12 05 


-fl 3 


12 66 








11 94 

+0 2 

-1 0 


12 66 

Si 

m 


baum and Somogyi (6) that normally the ketone bodies, / 3 -hydroxybutjTic 
acid and acetoacetic acid plus acetone, are present in the equivalent parts 
of approximately 2 1 On the basis of this distribution a recover}'' of 91 
per cent can be used for calculation and the value obtamed in the last 
equation is di\ ided by 0 91 The results may be expressed as equivalent 
amounts of acetoacetic acid or jS-hydroxybutyric acid Recoveries of 
known amounts of /3-hydro\ybutync acid added to water, blood, and unne 
are shown m Table III 

The determmation of /3-hydroxybutync acid alone may be made b} 
elimmatmg acetone and acetoacetic acid from the blood or unne filtrate 
prehmmary to the oxidation of the /5-hydro'x} butync acid 0 2 cc o 
blood or unne is deprotemized as descnbed above for the determmation o 
total ketones, the filtrate is poured mto a small Pyrex test-tube with a ew 
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glass beads or aR ebullition tube and 1 drop of concentrated sulfuric acid 
IS added The tube and contents are weighed and are then boiled for 5 
minutes In this length of time the acetoacetic acid is completely hy- 
drolyzed and all of the acetone is boiled off The tube is then cooled and 
its ongmal weight restoied bj' the careful addition of distilled watei 3 cc 
of this fluid are then treated in the same way as 3 ec of the original filtrate 
for the determination of total ketone bodies The same blank and factor, 
F, are used as m the determination of total ketone bodies The concen- 
tration of /S-hydro\ybutj'nc acid, expressed as acetone, is obtamed from 
the equation given abo^'e, by dividing b}’' 0 86 mstead of 0 91 To express 
the result as /3-hydroxj'butync acid the value obtained is multiplied by 1 79 
The value of 0 86 is used mstead of 0 91 m the above equation because 
the only ketone bod}’’ present m this analysis is /J-hydroxybutyric acid 
which yields only 86 per cent acetone m oxidation From separate de- 
temunations of total ketone bodies and iS-hydroxybutync acid the acetone 
plus acetoacetic acid may be calculated by difference From a third 
determmation of the acetone alone a value for each of the three components 
of the ketone bodies may be obtamed 

SUMMARY 

A rapid, sensitive and accurate method for determmmg acetone m air 
and biological fluids is described The method is based upon the reaction of 
acetone ivith 2,4-dmitrophenjlhydrazme to form the correspondmg hy- 
drazone, the separation of the hydrazone by extraction with carbon tetra- 
chlonde, and its colonmetnc determmation m this fluid The method, 
wnth modifications described, affords rapid and accurate determmation of 
the total and of individual ketone bodies 
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AROMATIC SULFONIC ACIDS AS REAGENTS FOR PEPTIDES 
PARTIAL HYDROLYSIS OF SILK FIBROIN 


Br WILLIAM H STEIN, STANFORD MOORE, and MAX BERGMANN 
(From the Laboratories of The Rockefeller Institute for Medical Research, New York) 

(Recei\cd for pubhcntion, April 4, 1944) 

The isolation of pure peptides from the products of the partial hydrolysis 
of a protein involves the fractionation of relatnely complex mixtures of 
peptides and ammo acids The salts of peptides with aromatic sulfonic 
acids crystallize veil, are frequently less soluble than are the correspondmg 
free peptides, and exhibit, in some cases, w ide differences m solubility The 
use of arylsulfonic acids for the isolation and determination of peptides 
has, therefore, been suggested (1) The present communication concerns 
the application of arylsulfonic acids as reagents for the isolation of dipep- 
tides from a hydrolysate of sdk fibroin 
Before such an isolation was attempted, the approximate solubilities of 
the arylsulfonates of several peptides ■were determmed The results are 
presented m Table I The peptides selected include some of those vliich 
may be expected to result from the partial hydrolysis of silk fibroin In 
addition four peptides contamuig leueme or phenylalanme have been m- 
cluded because the solubilitj of their arylsulfonates may become of interest 
m future studies of proteins other than fibroin Gljcme, alanme, tyiosine, 
and senne are appended since these four amino acids may be formed durmg 
the partial hydrolysis of fibrom 

It IS of mterest that glycyl-l-leucme and glycyl-f-phenylalanme resemble 
leueme and phenylalanine m that they both foim sparingly soluble salts 
ivith all the sulfonic acids tested The salts of Meucylglj'cine and Z-leuc 3 1- 
glycylglycme, on the other hand, are much more soluble 
Before the mformation given m Table I was used for the isolation of di- 
peptides from a fibroin hydrolysate, the course of the hydrolysis of fibrom 
by acid was mvestigated m order to establish conditions under vhich 
maximal quantities of dipeptides are formed For this purpose the hy- 
drolysis of fibioin was followed by both the nitrous acid and nmhydrin 
methods of Van Slyke This experimental approach has been illustrated 
by Van Slyke, Dillon, MacFadyen, and Hamilton for the differentiation of 
peptides and free ammo acids m tryptic digests of casern (3) In the special 
case of the acid hydrolysis of silk fibroin, it is possible to calculate not onl}' 
the quantity of peptides present at any given time, but also the average 
peptide chain length It is essential to this calculation that the amounts of 
NHj-N and COOH-N obtained after complete h 3 ^drolysis of fibrom are 
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each equivalent to about 96 per cent of the total N of the protein This 
result is consistent nith the fact that proline, hydro\yproline, lysine, and 
aspartic acid either do not occur m silk fibroin, ornre present only in very 
small amounts The 4 per cent of non-NHj-N m the hydrolysate is ac- 
counted for by argmme and ammonia 
Data on the course of the hydrolysis of fibrom bj concentrated hydro- 
chlonc acid at 10'’ are giien in Table II The NHj-N figuie (Column 3) 

Tabi® 1 

Approximate Solubility Products of Arylsulfonates of Several Peptides and 

Ammo Acids 

The solubilities were determined at 0° in the manner already descnbed (2) 
Where no value is given, the solubility product of the salt in question was found to be 
greater than about 4 X 10~* The values listed are X lO'* 
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provides a measuie of the free ammo groups present m peptides and aniino 
acids The amount of COOH-N (Column 4) is a measure of the amino acids 
present, since peptides do not evolve CO: vith ninhvdnn Subtraction o 
the amino acid value (Column 4) from the total NH-.-N gives the amoun 
of peptide NH.-N (Column 5) The nitrogen present m peptides (Column 
6) IS equal to 96 per cent of the total N of the hydrolysate (Column 
minus the COOH-N (Column 4) Thus at a given tune dunng the hj- 
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drolj'sis the average peptide chain length (Column 7), m terms of ammo 
acid residues, is equal to the nitrogen present in peptides (Column 6) divided 
bj' the NHj-N (Column 5) of the peptides 
It Mill be noted that m the course of the hydrolysis the longer peptide 
chams are rapidly degraded dunng the first 3 hours to an average length 
of about 6 ammo acid residues Between 40 and 48 hours the cham length 
le\els off at the dipeptide stage Even at 96 hours the value m Column 7 
has not decreased below 2 This fact supports the \ alidity of the deter- 
mmations employed m the calculation of the values m Column 7 In this 
connection it may be pomted out agam that the values m Column 7 repre- 
sent the average cham length of the peptides only, and not the average 
cham length of the sum of the peptides and ammo acids 


Table II 

Hydrolysis of Sill Fibroin by Concentrated HCl at 40°, Measured by Nitrous 
Acid and Ntnhydrin Methods 


Tune of 
hydrolysis 

Total N of 
hydrolysate 

NHt-N 

COOHN 
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1 37 
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0 86 
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2 47 

1 60 
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0 83 

1 70 

2 05 

48 0 

2 47 

1 48 

0 641 

0 84 

1 73 

2 06 

96 0 

2 47 

1 71 

1 005 

0 70 

1 36 

1 95 


The percentage of fiee ammo acid molecules present m the hydiolysate 
at a given time is illustrated graphically in Fig 1 This percentage is 
calculated acco'’{Lng to the expression (mM CO 2 / (0 96 X mM total N)) X 100 
The ammo nitrogen values have been calculated as pei cent of complete 
hydrolysis As ivill be noted from Fig 1, the rate of ammo nitrogen pro- 
duction is rapid dunng the mitial houis and tapers off as the peptide cham 
length approaches 2 The production of free ammo acids, howeier, con- 
tinues at a slow, steady rate 

Aftei 40 hours of hydrolysis the fibiom hydrolysate contains approxi- 
mately 25 pel cent free ammo acids and 75 pei cent peptides As will be 
seen from Table II, these peptides arc almost exclusively dipieptides The 
hydrolysate obtamed after 40 hours w'as, therefore, regarded as optimallj 
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suited to the isolation of dipeptides, and was used foi this purpose m the 
experiments to be descnbed later 

The vahdity of the foregomg calculations depends upon the apphcabihty 
of both the nitrous acid and nmhydnn methods to this problem There is 
no evidence to mdicate that the nmhj dnn method yields erroneous results 
when apphed to fibrom hydrolysates It is known, however, that glycyl 
dipeptides give high ammo mtrogen values even m the presence of potas- 
sium iodide Thus, Kendnck and Hanke (4) obtamed 120 per cent of 
theory' for ^ycylglycme (m the presence of KI) and ve find that glycyl- 
alamne gives 108 per cent under the same conditions Alanylglycine, on 



Fig 1 Hate of hj drolj sis of silk fibroin at 40° (2 cc of concentrated HCl per gm 
of fibroin) 

the other hand, reacts normally Calculation of the maximum amount of 
glycyl dipeptides « hich could be expected m the 40 hour hy drolysate mdi 
cates that a possible error of 2 to 4 per cent m the x alue for the ammo mtro- 
gen may be mx olx ed This x\ ould correspond to an error of 0 2 to 0 3 m 
the average peptide length, xvhich for the present inx'estigation would not 
significantly alter the conclusions 

The fact should be mentioned here that several workers (for re erences 
see (5)) have reported the isolation of diketopifierazmes after hydro y sis o 
fibrom under conditions practically identical xnth those used m is bi 
vestigation However, the isolation procedures employed by these w orKers 




■\\ H STEIN, S MOOnb, \ND AI BERGMANN 


195 


ivere such that diketopiperazincs might have been formed as artifacts 
The data m Table II and Fig 1 clearlj indicate that after silk fibrom has 
been hydrolyzed under the conditions used m these studies, for 30 hours 
or longer, the hj drol 3 'sate cannot contain appreciable amounts of diketo- 
piperazines If present, they vould increase the non-NH 2 -N to such an 
extent that the average peptide cham length could not approach the value of 
2 as closel}'^ as it does 

The isolation of dipeptides from partial hydrolj sates of fibrom is facili- 
tated by the fact that glycine and alanme residues comprise the major 
part of the protem Thus, dipeptides contammg these tivo ammo acids 
should predominate in the partial hydrolysate In fact, earher mvestiga- 
tors have alread 3 isolated f-alanylgl 3 'cine (6) and /i?-naphthaIenesulfonyl- 
glycyl-Z-alanme (7) The isolation of the free dipeptide, glycyl-Z-alanine, 
has not been previousl 3 '' reported Abderhalden has also obtamed glycyl- 
tyrosme (8), and claimed the isolation of diketopiperazmes contammg 
serme (9) 

The results of the preliminary mvestigations desenbed m the foregomg 
paragraphs permitted the formulation of a simple working procedure for 
the selective precipitation of sulfonates of the two isomeric dipeptides 
contammg glycme and f-alanme Glycyl-I-alanme was first precipitated 
as the salt of 2,5-dibromobenzenesulfonic acid, and subsequently f-alanyl- 
glycine was precipitated as the salt of 2,6-diiodophenol-4-sulfonic acid 
The yield of each of these dipeptides ivas 6 gm per 100 gm of fibrom 

Amino Acid Composition of Fibroin — In an earlier publication from this 
laboratory (10) it was stated that glycme nas one-half, alanme one-fourth, 
and t3Tosme one-sixteenth of all the ammo acids m silk fibrom The 
average residue eight of all the ammo acid residues m silk fibrom was 
assumed to be 84 Synge (5) and Chibnall (11) have pomted out that the 
average residue weight of 84 is far too high and, consequently, that the 
frequencies given b 3 ' Bergmann and Niemann for glycme, alanme, and t 3 TO- 
sme must be m error There can be little doubt that these criticisms 
of Synge and of Chibnall are valid, and that the average residue weight of 
the ammo acid residues m silk fibrom is about 75 to 76 We had qmte 
independently come to the same conclusions as the above mentioned m- 
vestigatom, and accordmgly had mstituted a reexammation of the ammo 
acid content of silk fibrom Smee there seems little likelihood at present 
of concludmg these mvestigations, it appears worth while to place on 
record our prehmmary results m order to correct some of the earher data of 
Bergmann and Niemann 

It seems probable that the value given by Bergmann and Niemann for 
the alanme content of fibrom is far too low , and the t3TOsme value is ap- 
preciably too high 
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Several lines of evidence point to the piobabilit 3 ' that silk fibroin eon- 
tams between 30 and 35 per cent alanine In the first place, pielimuiar}' 
anatyses by the solubility product method indicated an alanme content in 
this range These analyses nere performed at a time when the solnbilitj 
method had not reached its present stage of development (12), and mth 
a reagent (sodium dioxpyridate) (13) not well suited to this purpose 
Nevertheless, the results, though only approximate, nere entirely incom- 
patible nith the value of 26 per cent given by Bergmann and Niemann In 
the second place, pure J-alanine has been isolated from hydrolysates of silk 
fibroin in a yield of 24 per cent (2) If the value of Beigmann and Niemann 
IS correct, this would represent a recovery of over 92 pei cent of all the 
alanme in the hydrolysate In view of the nature of the isolation pro 
cedure, so high a yield seems virtually impossible It is very probable, 
therefore, that there is appreciably more than 26 per cent alanme m fibrom 

One further consideration also points to the presence of more than 26 
per cent alanme m fibrom If the value for alanme v as 26 per cent, then 
about 85 per cent of the mtiogen of the protem could be accounted for at 
present, leaving about 15 per cent of the nitiogen unaccounted for ' The 
very low average residue weight of the ammo acids m silk, coupled with the 
substantial tvrosine content (about 12 per cent), requires that part, at 
least, of this unknown nitrogen be contnbuted by ammo acids of low molec 
ular weight (glycme, alanine, oi serme) Glycme cannot comprise any of 
this unknown fraction, since the glycme content of 44 per cent is well es- 
tablished (12) Serme also can be ruled out as a major constituent of this 
imknown fraction, since the present senne value, though perhaps not 
definitely settled, cannot be far in eri or By pi ocess of ehmmation, there- 
fore, it appears probable that a substantial part of the nitrogen of silk 
fibrom as yet unaccounted for will piove to be alanme nitrogen 

Each of the three independent lines of evidence discussed above, no one 
of which is decisive of itself, pomts to the same conclusion, namely, that 
there probably is considerably more than 26 per cent of alanine in silk 
fibroin 

Prehmmary analyses for i-tyrosme m which the ongmal procedurc of 
the solubility method (15) was employed gave a value of 11 9 per cent 
Flaviamc acid was employed as reagent Although this value has not 

> Synge (5) states that 90 per cent of the nitrogen of silt is accounted for In 
making this calculation, Synge assumes that fibroin contains 18 5 per cent nitrogen, 
and employs the value obtained by him, 17 4 per cent, for senne The fibroin ana 
lyzed by us, however, contained 19 0 per cent nitrogen Moreover, Nicolet an loo 
(14) reported several values for the senne content of fibroin, all ofwhichwere ower 
than the one reported by Sy nge 

’ In the determination of l-U rosine by the solubility method, d-tyrosine, 
tyrosine, if present, would not be determined 
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been checked sufficiently to certify its accuracy, i\e feel that it is more ac- 
curate than the \aluc of 13 3 per cent reported by Bergmann and Niemann 
The figure 119 per cent is also in agreement inth the value 12 1 pei cent 
reported by Rutherford, Patterson, and Harris (16), although it is highei 
than the value of 10 8 per cent reported by Meyer et al (17) 

EXPERIMENTAL 

Partial Ilydrohjsis of StlL Fibroin — Japanese vhite silk, degummed m 
this laboratory vith papam-H.S, vas employed m this mvestigation The 
silk fibrom contained 6 2 per cent water (determined by diying over P 20 i at 
lOO® in vacuo for 24 hours), 0 08 per cent ash as sulfate, and 19 0 per cent 
nitrogen (ash- and moisture-free) To each of a senes of 0 200 gm samples 
of this matenal in 10 cc volumetnc flasks, 0 40 cc of concentrated HCl 
was added, and the flasks were mamtamed at 40° After varymg time 
mterv'als, the hydrolysis w as stopped by the addition of 5 cc of cold water 
and sufficient 4 n NaOH to render the medium alkalme to Congo red and 
acid to litmus Each sample was diluted to 10 cc , the slight precipitate 
which formed was centrifuged off, and the clear solution stored at 0° with 
thymol Aliquots were removed for determination of total N, NHj-N, 
and COOH-N The results are summarized m Table II The NHj-N 
determmations were performed with the addition of 2 per cent KI to the 
acetic acid (4) m all cases The COOH-N deteinunations were performed 
on 2 cc aliquots of the hydrolysate to which 100 mg of citrate buffer and 
150 mg of nmhj'dnn were added, accordmg to the proceduie of Van Slyke, 
Dillon, MacFadyen, and Hamilton (3) 

Solubilities of Peptide Salts of Aromaiic Sulfonic Acids — The approximate 
solubihty products of the peptide salts listed m Table I were obtamed m 
the same manner as were the appioximate solubihty products of the ammo 
acid arvlsulfonates (2) The peptides used m this mvestigation were all 
prepared accordmg to directions to be found m the literature,^ with the 
exception of Z-alanjd-f-alanine The preparation of this compound, bj 
the carbobenzoxy method, is descnbed below' 

Synthesis of l-Alanyl-l-alanine Carbobenzoxy-l-alanyl-l-alanine Ethyl 
Ester — Carbobenzoxy-Z-alanine, prepared as descnbed bj' Bergmann and 
Zervas (19), was converted to the acyl chloride accordmg to the procedure 
outlmed by Hunt and du Vigneaud (20) A dry chloroform solution of 
carbobenzoxj -Z-alanyl chlonde prepared from 3 3 gm of carbobenzoxy-Z- 
alamne was mixed at about —50° with one-half of a chloroform solution 

’ In repeating the synthesis of Z-alanj Iglycine by the carbobenzoxy procedure, it 
was found that carbobenzoxy-f-alanylglycine, w hen recrystallized from either n ater 
(preferable) or ethyl acetate, had a melting point of 132-133® instead of 103-104 
as reported previously (18) 
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of 3-alamne ethyl ester prepared from 1 5 gm of f-alanme An aqueous 
solution of 1 48 gm of KHCOj was added with shakmg, followed by the 
second half of the ester solution The mixture was kept at —10° for 10 
mmutes and at room temperature for 1 hour The chloroform solution 
was extracted mth dilute HCl, bicarbonate, and neater, dned over Na^SOi, 
and concentrated under reduced pressure For crystallization the residue 
was dissolved m ethyl acetate and petroleum ether was added Yield, 
2 9 gm , m p , 114-115° For analysis the product was recrystallized from 
ethyl acetate and petroleum ether, m p , 116° 

CuHisOjN Calculated C 59 6, H 6 8, N 8 7 

322 Found “ 59 4, “ 6 7, " 8 7 

Carbobemoxy-l-alanyl-l-alamne — solution of 2 0 gm of the ethyl estei 
m 10 cc of acetone and 7 0 cc of N NaOH was allowed to stand at room 
temperature for 40 mmutes After the addition of 7 6 cc of n HCl the 
product crystalhzed readily dunng the removal of the acetone under re- 
duced pressure Yield, 17 gm , m p , 152-153° For analysis the sub- 
stance was recrystallized from water 

CuHuOftNj Calculated C57 1,H61,N95 

294 Found “ 67 0, " 6 2, '• 9 6 

l-Alanyl-l-alamne — The carbobenzoxy compound was dissolved m meth- 
anol, hydrogenated ivith palladium as the catalyst, and the free dipeptide 
isolated m the usual manner After one recrystalhzation from water 
and alcohol the compound had the rotation of [a]*^ = — 21 7° Fischer 
(21) reported [a]” = —21 6° for i-alanyl-Z-alanine 

Isolation of Glycyl-l-alantne and l-Alanylglycine — ^Technically degummed 
Japanese white silk (533 gm ) was mcubated at 40° for 44 hours with 1060 
cc of concentrated HCl The bulk of the HCl was removed by adding a 
solution of 2 2 kilos of lead acetate tnhydrate (analytical reagent) and the 
volume of the filtrate and washmgs was recorded The lead remammg m 
the solution was precipitated as sulfide The approximate amount of HCl 
remammg m the solution was calculated from the solubiht}' of lead chlonde 
m the volume of solution used, and enough concentrated HCl was added 
so that the solution contamed about equimolar amounts of NH2-N and 
HCl The hydrolysate was concentrated to about 2 liters and stored at 
0° The solution contamed 44 5 mg of nitrogen per cc , correspondmg to 
234 mg of protein per cc 

To 250 cc of this hydrolysate 80 gm of 2,5-dibromobenzenesulfonic 
acid were added and the solution was stored at 0° for 4 days The precipi- 
tate which formed was filtered off, washed w itli a little w ater, and dne 
Yield, 22 gm The filtiate, Solution A, was saved for the isolation 0 
alanylglycme This glycyW-alanme dibromobenzenesulfonate was con 
tamlnated with one or more impurities which were difficult to remove 
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One or two rccrystnlhzations of the salt did not accomplish sufficient pun- 
fication, for the dipeptide obtained by decomposition of the recrystalhzed 
salt exhibited a low rotation of [a]” = —42 6° (10 per cent m water) 
Nor could the impunty be removed by recr 3 ^talhzation of the free di- 
peptide Pure gl 3 'cyl-Z-alanme was obtamed, however, by purification 
through the use of a second sulfonic acid, which gives a sparmgly soluble 
salt with the peptide For this purpose, 2,6-diiodophenol-4-sulfonic acid 
may be used, smce separation from alanjdglycine has already been accom- 
plished To 22 gm of the impure dibromobenzenesulfonate dissolved m 
75 cc of hot vater, a hot solution of 13 8 gm of barium acetate mono- 
hydrate m 25 cc of vater vas added The mixture vas cooled to 0°, and 
the banum dibromobenzenesulfonate was filtered off and washed with 
water To the filtrate and washings, 4 5 cc of concentrated HjSOiwere 
added, the BaSO* removed by filtration, and 25 gm of 2 , 6-duodophenol-4- 
sulfonic acid were added The solution was stored at 0° overnight, where- 
upon glycyl-Z-alanme 2,G-diiodophenol-4-sulfonate crystallized m large 
prisms The salt was filtered off, washed with water, and dried Yield, 
13 gm An additional 4 gm were obtamed by concentratmg the mother 
liquor to 40 cc The salt thus obtained (17 gm ) was recrystallized twice 
from water The yield was 12 6 gm , correspondmg to 3 2 gm of glycyl-Z- 
alanme or 5 5 pei cent of the silk employed 

C,H,0,SI CsHioO,Nj Calculated C 23 1, H 2 5, N 4 9 

572 Found “ 23 0, “ 2 8, “ 4 8 

Free glycyl-Z-alanme w'as obtamed from the salt m the folloiving manner 
To 11 4 gm of salt dissolved m hot water, a hot solution of 5 5 gm of 

banum acetate monohydiate w'as added The mixture was cooled, the 

banum 2,6-diiodophenol-4-sulfonate filtered off and washed with water, 
and the banum removed from the filtrate and washmgs with exactly the 
required quantity of sulfuric acid The solution was concentrated to dry- 
ness under reduced pressure, the residue w as taken up m w'ater, and alcohol 
added to induce crystallization A yield of 2 4 gm of glycyl-Z-alanme w as 
obtamed, correspondmg to 83 per cent of the theory, calculated on the basis 
of the salt emploj^ed The material was recrystalhzed once from w'ater- 
alcohol for analysis 

CsH.oOjN, Calculated C411, H 6 85, N 19 2 
146 Found " 41 25, “ 6 8, " 19 1 

Wd = —48 6” (10% in water) 

Fischer and Schulze (22) reported [ajD** = —50 0° for synthetic glycyl-Z- 
alanme 

To the filtrate. Solution A, from which glycyl-Z-alanme dibromobenzene- 
sulfonate had been removed, 100 grn of 2,6-diiodophenol-4-sulfomc acid 
Were added After standmg several days at 0°, the precipitated salt was 
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filtered off and recrystallized once from 35 cc of water The yield of l- 
alanylglycme 2,6-dnodophenolsulfonate was 14 6 gm, corresponding to 
3 5 gm of Z-alanylglycme or 6 per cent of the silk employed 

C,H40 <SIj CjHicO.N, 2H.0 Calculated C 21 7, H 3 0, N 4 6 
608 Found " 21 7, “ 3 1, “ 4 6 

The salt nas decomposed mth banum acetate and the free dipeptide ob- 
tamed m the mannei already descnbed for the preparation of glycyl-1- 
alanme The yield of pure dipeptide was 92 per cent of the theoiy calcu- 
lated on the basis of the salt employed 

CsHmO.Ni Calculated C 41 1, H 6 85, N 19 2 
146 Found “411, “6 9, "19 0 

Wd ^ -1-60 0'’ (4% in water) 

Fischer (23) reported [a]n = +50 3° for f-alanylglycme 

stantARv 

1 The solubility of a senes of peptide salts of aromatic sulfonic acids 
has been mvestigated as an illustration of the apphcabihty of these reagents 
to the isolation of peptides 

2 The course of hydrolysis of silk fibrom by concentrated HCl at 40 
has been followed by both the Van Slvke nitrous acid and nmhi dnn meth- 
ods, permitting calculation of the average peptide chain length Pt any given 
time 

3 From a partial hydrolysate contammg dipeptides, glycyl-l-alanme 
and Z-alanylglycme have been isolated by the successive use o’ !i, 5 -dibromo 
benzenesulfonic acid and 2,6-diiodophenol-4-sulfonic acid 
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Slightly depressed growth and fatty livers were observed in animals fed 
moderate amounts of nicotmamide, while larger quantities completely m- 
hibited growdh (1, 2) The fatty livers were found to be susceptible to the 
action of choline, while only methionine was found to alleviate the growth 
mhibition These phenomena were asenbed to tbe forced synthesis of 
tngoneUme from nicotmamide with consequent dimmution of the “labile 
methyl” supply, or, more specifically, the supply of methionme It has smee 
been demonstrated (3) that the methylated excretory product resultmg 
from nicotmamide feeding is not tngonellme but N'-methylnicotmamide 
(Fj) However, it was not determmed whether the effects of mcotmaimde 
feedmg were due solely to the diminution in the “labile methyl” supply or to 
toxicity of the excess, unmethylated nicotmamide 

In the present work it has been found that the ingestion of large quanti- 
ties of nicotmamide by young rabbits and gumea pigs does not impair their 
growth Since neither of these species excreted extra N’-methylnicotm- 
amide after nicotmamide feedmg, it is concluded that the toxic effects of 
nicotmamide m the rat are due entirely to the synthesis of N*-methylnico- 
tmamide and consequent depletion of available methionine 

EXPEBIMENTAL 

Rahhtts — Two diets were employed m this senes Diet A was a com- 
mercial rabbit chow m pellet form’ used as a stock feed for our colony 
Nicotmamide was mcorporated therem by spraymg a shallow layer of 
pellets with the proper volume of a 10 per cent solution and then diymg 
m a current of warm air Diet B was a mixture of oats, rye, alfalfa, grass, 
and other dry vegetable matter and mcotmaimde was added to this ration 
m the same manner All animals were housed m mdividual cages and 
Were offered hay ad libitum every 5th day Weanlmg rabbits, average 
weight 1250 gm , were used and after 20 days the animals were sacnficed 
by decapitation and samples of hver taken for fat analysis Urmary N’- 
methylnicotmamide excretion was determmed by the method of Huff and 
Perlzweig (4) on the pooled unnes of three rabbits collected for 48 hours 

’ Punna chow, Ralston Punna Company, St Ixiuis, Missouri 
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on the 15th and 16th days of the expenments These measurements ■were 
very kmdly performed by Mr Jesse W Huff of the Biochemistry Depart- 
ment The results are summanzed m Table I It 11111 be seen that the 
presence of mcotmamide m either diet had no significant effect on the 
animals’ growth, liver fat content, or unnary N‘-methylnicotmamide 
excretion 

As controls, young rats were also fed Diet A These results are also 
presented m Table I They agree completely ivith the obsen'ations pre 
viously obtamed with synthetic diets (1) No data are presented for the 
N’-methylmcotmamide excretion of rats, as this has already been done in 
detail (1) For companson with the results obtamed herem with rabbits 
and gumea pigs it may be stated that under comparable circumstances the 


Table I 

Effect of Nicotinamide Feeding on Rabbits 


Basal 

diet 

Test ammal 

Supplement to basal diet 

Weight change 

Liver fatty 
acids 

F» excretion 

A 

Rabbits 

None 

gm per day 

25 3 

per cent 

4 5 

y per day 

no 

tt 

tt 

1% mcotmamide 

22 1 

4 3 

790 

It 

tt 

2% 

20 9 

3 9 

600 

tl 

Rats 

None 

2 9 

5 2 

« 

11 

tl 

1% mcotmamide 

1 1 

11 4 

« 

11 

It 

2% 

-0 6 

3 1 

« 

B 

Rabbits 

None 

21 0 

3 5 


(( 

It 

1% mcotmamide 

17 3 

3 9 


H 

tl 

2% 

22 6 

3 6 

1120 


* Complete data have already been published (1) 


presence of 2 per cent mcotmamide m rat diets produced an 80 fold increase 
m N‘-methylmcotmanude (thought to be tngonellme at the time) excretion 
Guinea Pigs — ^The basal diet used m this senes was patterned after that 
of Woolley (5) The composition of Basal Diet 1 was as follows casern 
20, sucrose 45, cod hver oil 5, cottonseed oil 10, salt mixture (6) 5, and 
linseed meal 15 The hnseed meal was extracted three times at room tem- 
perature with a 75 25 mixture of ether and alcohol to remove some of t e 
chohne, smce seed meals have been reported to be a nch source of this su 
stance (7) Each kilo of diet also contamed thiamme 3 mg , nboflaim 
mg , pyndoxme 3 mg , mcotmic acid 10 mg , pantothenic acid 25 mg , an 
ascorbic acid 100 mg Basal Diet 2 was similar to this but contaum m 
addition, 0 15 per cent of chohne and of mositol The animals nere o ere 
the experimental diets ad libitum 7 days after birth Their average 
at the start of the experiment was 124 gm N*-MethyInicotmamide i 
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^\ere calculated from determinations performed on the pooled unne of thre? 
gumea pigs collected for 48 hours on the 16th and 17th days of the experi- 
ment The results are summanzed m Table II All the animals ate 
sparmgly for the first 5 daj s on the expenmental diets Accordmgly, the 
figures presented m Table II nere determined for a penod of 3 ■weeks follow- 
ing the 5 days of relative anoie'via 

Again the presence of nicotinamide appeared to exert no toxic effect 
No significant dispanties in grow'th, liver fat content, or N"-methyl- 
nicotmamide excretion were noted 


Table II 

Effects of NtcoUnarntde Feeding on Guinea Pigs 


Diet 

Weight change 

Liver fatt> 
acids 

Fj excretion 


gm per day 

per cent 

y Per day 

Basal Diet 1 

1 2 

4 3 

110 

" " 1 -h 1% nicotmamide 

1 3 

4 4 

125 

” 1* 2 

1 8 

3 6 

155 

" " 2 -f- 0 5% nicotinamide 

1 4 

4 1 


" " 2-t-10% “ 

2 2 

4 0 

185 

“ " 2 + 20% 

1 5 

3 7 



DISCUSSION 

It is apparent from these data that laige amoimts of nicotmamide m the 
diet of rabbits and gumea pigs are mnocuous Unlike the rat, these species 
do not S3mthesize and excrete extra N’-methylnicotmamide under these 
conditions Smce the effects of nicotmamide on the rat are completely 
alleviated by the admmistration of methionme, and smce nicotmamide is 
not toxic m the diet of the rabbit or gumea pig, it seems hkely that the 
toxicity of this compoimd m the diet of the rat is due solely to the synthesis 
of N'-methyhucotmamide with consequent depletion of the available 
methionme supply This situatioi^ then, affords an example of a process 
m which an essentially mnocuous substance undergoes what has been con- 
sidered a “detoxication” reaction and thereby produces deficiency of a 
necessary dietary component 

By elucidatmg the mechanism of nicotmaimde toxicity, the present work 
confirms and amphfies the conclusion earher reached concemmg the es- 
sentiahty of a diet capable of supportmg growth m the production of fatty 
hvers due to chohne deficiency (1, 2, 8) This conclusion has been cnticized 
by McHenry and Patterson (9) who attributed the results obtamed -with 
mcotmamide feedmg to a non-specific to'xicity of unknown mechanism 
The present wmrk, how'ever, substantiates the ongmal hsqiothesis that the 
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inclusion of nicotinamide m the rat diet is simply tantamoimt to feeding a 
methionme and, hence, cholme-deficient diet Smce the objections of 
McHenrj'- and Patterson appear groundless, the ongmal conclusion remains 
valid ''i\Tule small amounts of dietary nicotmamide permitted rat growth 
and induced fatty liver formation, large quantities completely mhibited 
growth and no fatty mfiltration of the liver occurred (1, 2) The failure 
of fatty li\ ers to appear in the concomitant presence of chohne and thiamine 
deficiencies is probably, as in the case of nicotmamide feedmg, an example of 
the general concept that the fatty livers otherwise associated with cholme 
deficiency are not manifest when the basal diet is mcapable of supporting 
groivth 

However, it must also be stated that this conclusion applies only to short 
term exTienments such as those which have been employed to study simul- 
taneous chohne and thiamme (10), nboflavm (11), and methionme (1) 
deficiencies In expenments of longer duration^ it has appeared that when 
the animals cease losmg weight and the groiHh curves reach a plateau 
accumulation of fat m the liver does occur 

The author’s thanks are due to Mr Jesse W Huff for the unnaiy I 
values reported herem, and to Merck and Company, Inc , Rahwaj, New 
Jersey, for a supply of crj'stalhne vitamins This work wfis aided by a 
grant from the Josiah Macy, Jr , Foundation 
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A METHOD FOR THE DETERMINATION OF OXALIC 
ACID IN URINE 

By harry H powers and PAUL LEVATIN 
(From the Department of Btologtcal Chemistry, Tufts College Medteal Sehool, Boston) 

(Received for publication, April 1, 1944) 

Numerous methods have been suggested for the determination of the 
oxalic acid content of unne In the early methods such as those of Sal- 
kowski (1) and Dakin (2) some combination of an ether extraction of the 
oxalic acid from acidified unne and a precipitation as calcium oxalate was 
employed A large X’olume of unne was required In an attempt to 
simplify the procedure Maugen (3) introduced a method in which the 
ether extraction is avoided, the oxalic acid being precipitated directly as 
the calcium salt from only 5 cc of buffered, albumin-free unne A similar 
method was later presented by Oikawa (4) who introduced a reprecipitation 
of the oxalate with cenum 

Several years ago we had occasion to use Maugeri’s method and ex- 
penenced difficulty in obtaimng checks on duplicate analyses of unne 
Determinations were then made on solutions containing a known amount 
of oxalic acid in a salt mixture' made to resemble unne in its concentrations 
of inorganic ions From a solution contaimng 50 mg of oxalic acid pei 
liter, which is about twice the aveiage value foi himian unne, the recovery 
vaned from 3 6 mg to 14 8 mg per liter From a solution contaimng 
100 mg per liter the recovery was from 44 8 mg to 62 0 mg The fact that 
magnesium, phosphate, and sulfate ions affect the solubility of calcium 
oxalate or perhaps its rate of crystallization (5) adequately explains these 
unsatisfactory results The simplicity of the method led us to a further 
mvestigation, but no satisfactory technique for direct piecipitation was 
found 

By extracting the oxalic acid with ether from acidified urine the trouble- 
some inorgamc salts are eliminated, since the}' lemain m the water layer 
Ether extraction, howevei, piesents problems of technique and may be 
incomplete (G) In the method which follows we use a modified Clausen 

^ For convenience a solution was prepared containing 12 4 gm of MgSOi 7H O, 
34 8 gm of KjSOi, 48 0 gm of KH POi, and 100 gni of NaCl per liter A 10 fold 
dilution of tins solution wall approximate the average urinar} concentration of 
inorganic ions A stock solution containing 0 7443 gm of sodium oxalate (0 500 gm 
of oxalic acid) per liter in 0 01 N sulfuric acid was also prepared To make the vanous 
solutions for analysis it was necessary only to dilute 10 cc of the salt mixture plus the 
appropriate amount of the stock solution of oxalic acid to 100 cc in a volumetric 
flask 
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(7) apparatus by which small volumes of unne may be effectively extracted 
with correspondingly small volumes of ether Bumping and other annoj- 
mg features of ether extraction have been nunimized Following extraction 
and removal of the ether the oxalic acid is precipitated as the calcium 
salt from an acidified 60 per cent alcoholic solution The oxalate is titrated 
ivith permanganate by the lodometnc technique 

Apparatus 

The modified Clausen continuous extraction apparatus is shoivn in 
Fig 1 By the substitution of the “cold finger” type condenser, cork stop- 




Fio 1 Extraction apparatus 

Fig 2 Transfer siphon and centnfuge tube 

per connections are eliminated, thus avoiding any possible contamination 
from this source Also by substituting the 300 X 25 mm test-tube for t e 
Kjeldahl flask smaller amounts of ether may be employed m the extinction 
The extractor consists of a 25 cc test-tube m ivhich is placed a funne 
shaped tube made from half of a 25 cc pipette This tube has an o\ er a 
length of about 200 mm The stem end is sealed and four holes are punc e 
ivith a hot wire near the sealed end A 3 mm hole is dnlled near e P 
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of the test-tube and the extractor is suspended in the apparatus by a 
nichrome i\nre which is hooked through this hole and passed up over the 
top of the large outer tube This also serves to raise the condenser 
slightly and thus provide a necessarj' vent 

The extraction is earned out on an electnc hot-plate which should be 
cohered with an asbestos sheet in wluch a small hole (about 1 5 cm di- 
ameter) IS cut With the apparatus resting in this hole the sides are 
protected by the asbestos against oxerheating In xery hot weather a 
current of air from an electnc fan directed against the apparatus may be 
necessarj" as an additional aid against overheating and consequent loss of 
ether 

The centrifuge tube shown in Fig 2 is of 15 cc capacity and has the tip 
drawn to an mside diameter of about 1 mm This type of tube has been 
used by several authors (4) and is necessary in handimg the very small 
precipitates encountered in this method The siphon which is also shown 
m Fig 2 IS used to tiansfer the oxalic acid from the extraction apparatus 
to the special centrifuge tube 


Method 

In the collection of the 24 hour sample of unne a few cc of formaldehyde 
may be used as a preservative Fill a 25 cc volumetnc flask to the mark 
with the thoroughly shaken unne Add 1 cc of concentrated hydrochlonc 
acid, stopper, and mix by several inversions Heat by immersion m boihng 
water for 30 mmutes to hydrolyze the oxalunc acid Cool and filter It is 
then ready for extraction 

Bxtrachon — Place three or four glass beads, 2 cc of water, and about 
25 cc of ether in the outer tube of the extraction apparatus This combi- 
nation of glass beads and a layer of water under the ether practically elimi- 
nates the bumpmg w Inch is usually such a senous problem With a pipette 
transfer 10 cc of the prepared urine to the mside tube of the apparatus 
which is assembled as in Fig 1 and clamped in a support with the bottom 
resting on an electnc hot-plate A good flow of water must be passed 
through the condenser and the hot-plate so regulated that ether walldnp 
from the condenser tip at 100 to 110 drops per minute Continue the 
extraction xxathout interruption for 6 hours It is sometimes necessary to 
add more ether dunng the extraction by slightly raising the condenser and 
pounng it m from a graduate 

Transfer — Disconnect the apparatus and remove the condenser Lift the 
extractor, washing it down xxuth 2 cc of 95 per cent alcohol from a pipette, 
and remove Add 1 cc of 2 per cent acetic acid to the contents of the 
outer tube Shake with a twnrlmg motion to mix the water and ether 
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layei-s- and, ■^^hlle continuing the shaking, dnve o£f the ether by immersion 
in a \\ atei bath heated to about 70° Place the transfer siphon (Fig 2) 
in the special centrifuge tube and connect mth an aspirator adjusted to 
gi\ e a mild suction Transfer to the special centrifuge tube is effected bj 
insertmg the long arm of the siphon to the bottom of the extraction tube 
Splashing may be prei ented bj breaking the suction through a mampula- 
tion of the stopper as the last drops come o\ er Remove the siphon and 
■n ash doum the sides of the extraction tube inth 2 cc of 95 per cent alcohol 
Transfei this inth suction to the centnfuge tube Repeat the i\ ashing 
and transfer uith another 2 cc portion of alcohol Bj' siphoning the 
contents vail alwajs dram to the bottom of the tube and the transfer is 
easily effected 

Precipilalton — ^Add 0 5 cc of a 10 per cent caltiuni chlonde solution 
to the contents of the special centnfuge tube and stir inth an air current 
introduced through a fine capillary The apparatus descnbed by Le\a- 
tmsky (9) is useful for this purpose Overlay with 2 cc of an acid alcohol 
solution consisting of 60 cc of 95 per cent alcohol, 10 cc of 2 per cent acetic 
acid, and 20 cc of water This prevents the accumulation of a precipitate 
on the surface of the solution, which is difficult to remoi e by centrifuging 
Let stand oxermght and centrifuge for 30 minutes at about 2000 rpm 
D ecant and in\ ert to dram for a few mmutes Wipe off the hp with a piece 
of filter paper Wash down the sides of the tube with 2 cc of the acid 
alcohol solution and thoroughly break up the precipitate with a fine glass 
stirrmg rod Remove the stirnng rod, w ashmg it down w ith 3 cc of the 
acid-alcohol solution Again centnfuge for 30 mmutes, decant, drain, and 
heat for a few mmutes m an o\ en or water bath to dnve off the remaining 
alcohol It IS then ready for titration 

Titration — ^Add 1 cc of 20 per cent sulfunc acid and 0 5 cc of 1 per cent 
manganese sulfate Break up the precipitate with a fine glass stimng rod, 
nnsing the rod with a few drops of water when it is removed Add with a 
pipette exactly 3 cc of 0 01 x potassium permanganate Stir with an air 
current introduced through a fine capillary tube and allow to stand 8 to 
10 minutes for the reaction to take place Add 0 5 cc of a 10 per cent 
solution of potassium iodide and mix by rolling between the hands In 
troduce 4 drops of a 1 per cent starch solution and 2 drops of a saturated 

- When a very dilute solution of oxalic acid in ether is evaporated to drjncss, a 
large part of the oxalic acid is lost This factw as noted bj Khoun (8)i\ho,topre\’cn 
the loss, added an alcoholic solution of urea to conx ert the oxalic acid to oxa J urea 
before ex aporation The treatment xnth urea is superfluous hoxvex er, since ° ’ 
xnll occur if the solution is thoroughlx shaken xnth xxater dunng the exapora lo 
of the ether 
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solution of banum hydroxide (The latter is not essential, but the ivhite 
precipitate of banum sulfate ivhicli is formed makes a good internal back- 
ground against iiliich one can more easilj' see the end-point marked by the 
disappearance of the blue color ) Titrate the excess permanganate with 
0 01 N sodium thiosulfate u itli a 5 cc micro burette graduated m 0 02 cc 
while stimng i\ ith an air current Read to the nearest 0 01 cc 
Calculations — From the \olume of exactlj 0 01 n potassium perman- 
ganate, as determined m the back titration ivith thiosulfate, the reagent 
blank’ is subtracted and the lesult multiplied by 0 45 to give the mg of 
oxalic acid measured by the titration This must be multiplied by 1 04 as a 
volume correction for the hydrochlonc acid added Thus if a 10 cc sample 
IS used, the mg of oxalic acid in 100 cc of urine = 4 68 (A — B — (J) 
A = 0 01 N permanganate, B = 0 01 n thiosulfate, and C = the value of 
(•^ ~ B) found in the blank analysis 

DISCUSSION 

About 90 per cent recovery of oxalic acid from knovvai solutions is ob- 
tained by 6 hours of continuous ether extraction, as shown m Table I 
These results are consistent and no advantage is to be gained by extending 
the extraction penod to obtain complete lecovery Alcohol is employed 
in the transfer from the extraction tube to the special centrifuge tube 
because it w ets the tube perfectly, thus permitting complete dramage and 
transfer It also decreases the solubility of calcium oxalate in the sub- 
sequent precipitation, so that a quantitativ e i ecov’ery may be obtained from 
concentrations as low as 7 5 mg per liter 
It might be expected that the high concentration of alcohol would result 
in the piecipitation of the calcium salts of other organic acids such as citnc, 
tartanc, and malic which are also present in unne and are earned over in the 
ether extract Under the conditions of the precipitation in which the 
unbuffered solution is made distmctly acid with acetic acid the calcium 
salts of these acids are completelj^ soluble Howev'er, if oxalic acid is 

The value of this blank is so small that its origin is hard to trace Presumablj it 
comes mainly from the ether, yet the results are unaffected when it occasional!} 
becomes necessary to use more ether Doubling the amount of acetic acid likewise 
as no effect Its value may be found directly by a blank analysis on distilled w ater 
c ^rcentage recovery by extraetion ns well as the reagent blank may be deter- 
mine by running analyses on two known oxalate solutions, one having twice the 
oxalate content of the other Thus if solutions eontaining 0 25 mg and 0 50 mg 
respectively are taken for analysis, titration values of 0 56 cc and 1 06 cc of 0 01 N 
pemanganate may be obtained If x is allowed to equal the blank, 2 (0 56 - i) = 

® a: = 0 06cc Subtracting this from the titration figures will give the values 

cc and 1 00 cc , representing a 90 per cent recovery 
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precipitated in the presence of citnc acid, some calcium citrate is earned 
down The amount precipitated consistently has a titration i alue equal 


Table I 


Recovery of Oxaltc Acid from Sail Solutions* 


Oz&Iic Had present 

Ox&hc acid (ouiid 

n; per 100 cc 

tnt per 100 cc 

per cent reenery 

10 00 

S 70 

87 0 

10 00 

8 90 

89 0 

10 00 

8 80 

88 0 

5 00 

4 47 

89 4 

6 00 

4 47 

89 4 

5 00 

4 44 

88 8 

2 50 

2 22 

88 8 

2 SO 

2 22 

88 8 

2 50 

2 18 

87 2 

1 25 

1 16 

92 0 

1 25 

1 13 

90 4 

1 25 

1 17 

93 7 

0 TS 

0 68 

90 7 

0 75 

0 72 

96 0 

0 75 

0 70 

93 3 

Average 

90 2 


* See foot-note 1 


Table II 

Recovery of Oxalic Acid from Solutions* Containing Ctlnc Acid 


Each figure given is the average of duplicate analyses 


Oxalic add present 

Oxalic acid found 

Citric acid 

0 2 gm per liter ^ 

Citric acid 

U gm per liter 


mg per 100 cc 

per cent reccrery 

per ceni reecvery 

per cent recovery 

10 00 


98 5 


5 00 

97 0 

99 2 

100 0 

2 50 

100 8 

99 0 


1 25 

95 3 

100 5 


0 75 

97 3 

99 2 

i 


Average recovery = 98 7 per cent 
• See foot note 1 


to about 10 per cent of the calcium oxalate precipitated and is mdependent 
of the concentration of the citnc acid It is assumed to be due to occlusion 
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in the calcium o\alate precipitate Since citnc acid is a normal constituent 
of human urine to the amount of 0 2 gm to 1 0 gm per 24 hours (10) and 
since the amount carried doum compensates within experimental error the 
10 per cent loss m extraction, it is unnecessary to introduce these corrections 
m the calculations (Table II) The presence of the other orgamc acids is 
without effect The presence of protein in the unne likewise presents no 
difficulties, as it is removed in the filtration following the water bath 
treatment for the hydrolysis of oxalunc acid 
The 24 hour unne samples in Table III were selected at random from 
subjects on a\ erage mixed diets with the exception of Sample 5 The very 
low oxahc acid content of this sample is a reflection of the subject’s aversion 
to vegetables which were almost entirely lacking in his diet 

Table III 


Oxalic Acid Excretion in 84 Hour Human Unne 
Each figure given ib the average of duplicate analyses 


< 

Sample No 

Excretion per 24 hrs 

1 

rig 

22 1 

2 

25 1 

3 

30 3 

4 i 

35 8 

5 1 

14 3 

6 

27 7 

7 : 

1 

22 4 


With known solutions of oxalunc acid it was found that heatmg on the 
water bath for a full 30 minutes was necessary for complete hydrolysis It 
was hoped that the relatively low temperature of the ether extraction would 
have little or no hydrolytic effect on oxalunc acid and that free oxahc acid 
could thus be determined by a direct extraction of the unhydrolyzed unne 
Unfortunately oxalunc acid is about 50 per cent hydrolyzed by this treat- 
ment Thus the method is apphcable only to the deteimmation of total 
oxahc acid 


SUMMARY 

A method for the estimation of oxalic acid in urme is presented which 
emplojrs relatively small samples and is accurate wnth concentrations as 
low as 7 5 mg per liter 
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STUDIES ON 1-METHYLHISTIDINE 
I A S\Tv THESIS OF dl I-METHYLHISTIDINE* 

Br WARWICK SAKAMI A^D D WRIGHT WILSON 

(From Die Departmeni of Physiological Chcmislry, School of Medicine, Unicersily of 
Pennsyhania, Philadelphia) 

{Rccci\cd lor publication, Apnl 0, 1&14) 

1-Methj'lhistidine has been known since 1929 when it was obtained in 
inactne form on hydrol3'sisof ansenne withbanum hj’droxide (Lmnew'eh, 
Keil, and Hoppe-Sejder (1)) The opticall)’’ active ammo acid, presum- 
ably the f{— ) isomende, was obtained when sulfunc acid was used as the 
hydrolytic agent (Linneweh and Linneweh (2)) 

The identification of this amino acid as 1-methylhistidme, showm below 
(V), was based on the following evidence It has the elementary composi- 
tion CrHnOjNj, one methyhmmo group, and a-amino acid character as 
indicated by a positue ninhydnn reaction (Linneweh, Keil, and Hoppe- 
&yler (1)) On alkaline pyrolysis of ansenne Linneweh and his cow orkers 
(p obtained a dimethyhmidazole which Keil (3) and Pyman (4) later 
identified as the 1 ,5-dimethyl derivative 
1-Methylhistidine has not prenously been synthesized * Ked (6) ob- 
“ined a mixture of 1- and 3-methyl-a-phthalylhistidines on treating 
a phthalylhistidine with dimethyl sulfate, but he was unable to separate 
e l-methyl from the 3-methyl denvative which he thought occurred m 
large excess 

A practical sjmthesis of 1-methylhistidine was of interest to confirm the 
8 nicture of the natural compound which had been assigned that constitu- 
lon and to provide a more convenient source than the labonous isolation 
e synthesis of this ammo acid from d-fnictose by a series of five reactions 
^nbed below (1) d-Fructose is converted into 4(5)-methylolimidaz- 
° 6 (I) (2) 4(5)-Methylolimidazole (I) is oxidized to imidazole-4(S)- 

ormaldehyde (II) by mtne acid (3) Imidazole-4(5)-fonnaldehyde (II) 
is methylated to l-methyhmidazole-5-formaldehyde (III) by dimethyl 
8u ate m acetone (4) l-Methylimidazole-5-formaldehyde (III) is con- 

Sakn'm"! following paper are taken from the thesis presented by Warwick 

1944 faculty of the Graduate School of the University of Pennsylvania in 

' fulfilment of the requirements for the degree of Doctor of Philosophy 

jjj ® ^^thylhistidme which Behrens and du Vigneaud (6) used in the synthesis 
natural compound which they obtained from Professor 
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densed with 2-thio-3-acetylhydantom to 2-thio-4-(l-inethyliimdazole-5 al)- 
hydantom (IV) with pyridine as a solvent and diethylamine or pipendine 
as a catalyst (5) 2-Thio-4-(l-methylunidazole-5-al)-hydantom (IV) is 
reduced and hydrolyzed m one step to form 1-methjlhistidine (V) by reflux- 
ing with hydrogen iodide and red phosphorus The yield of dM-methyl 
histidine is about 7 per cent based on the fructose used 


HC=C CH,OH 

I I 

N NH 
s / 

CH 


HC==C CHO 

I 1 

N NH 
S / 

CH 


HC===C CHO 


N N CH, 
% / 

CH 


(I) 


(n) 



HC=C CH, CH COOH 


HC= 


=C CH=C- 


-CO 


N 


N CH, NH, 
^ / 

CH 


(V) 


N N CH, NH NH 
% / \ / 

CH C 

S 

(IV) 


l-Methylmiidazole-5-formaldehyde picrate has been prepared from 
imidazole-4(5)-formaldehyde m small (5 7 per cent) yield by Hubball and 
Pyman (7) The procedure reported in t^s paper is productive of a 28 
per cent yield of pure l-methyhinidazole-5-fonnaldehyde 
An improvement has been made in the synthesis of 2-thio-3 acetyl 
hydantoin which was used m the preparation of 2 -thio- 4 -(l-methyhmid 
azole-5-al)-hydantom The onginal method (Johnson and Nicolet ( 8 ), 
see also Johnson (9)) m which glycine was condensed with ammonium 
thiocyanate in acetic anhydride was modified by the substitution of 
potassium thiocyanate and an equivalent of sulfunc acid for the ammonium 
salt This change avoided contamination of the product with a dififlcultlj 
removable colored impunty without affecting the yield The function o 
the sulfunc acid is to convert the potassium thiocyanate into free thiocjanic 
acid, w’hen the ammomum salt is used, this is accomplished by the acetic 
anhydnde which acetylates the ammoma Difference m ability to furms i 
thiocyanic acid is undoubtedly responsible for the unequal reactmty o 
ammonium and potassium thiocyanates on amino acids observed v 
Johnson (9) and Johnson and Nicolet (10) 

dH-Methylhistidme was also synthesized by methods involving hippunc 
acid and diketopiperazine The yields obtamed by these procedures v ere 
infenor to that reported m this paper 
JZ-l-Methylhistidme crystallizes from 50 per cent alcohol m microscopi 
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rods" (Fig 1) It IS a sweet tasting, colorless, water-soluble compound 
which decomposes sharply at a temperature between 247-250°, depending 
on the rate of heating Mixed melting point determinations of the 3,4- 
dichlorobenzencsulfonates and picrates showed that it is identical with the 
basic amino acid w hich w e obtained by hydrolyzing anserine with banum 
hydroxide 

The 1-mcthylhistidine was optically inactive A single attempt to 
resoh e the compound by means of </-tartanc acid’ was unsuccessful 

EXPEIIIMENTAL 

4{5)-McthyIohniidasolc — 4(5)-Meth3dolimidazole picrate was prepared by 
the procedure of Darby, Lewis, and Totter (12) in 56 per cent yield It 



Fig 1 dl l-Methylhistidine X 150 


decomposed at 204° The picnc acid w'as removed by shaking with benzene 
and hydrochloric acid (Koessler and Hanke (13)), and the free base was 
isolated m 94 per cent yield essentially by the method of Pyman (14) It 
melted at 93-94° 

Imidazole-4{6)-formaldehyde-A(5)-Methy\ohmid3.zole was oxidized to the 
aldehyde with concentrated nitnc acid (Pyman (15)) The yield was 61 
per cent The product melted at 172° 

Methylalion of Imidazole-4{5)-fonnaldehyde — 20 0 gm of imidazole-4(5)- 
formaldehyde were dissolved in 1600 ml of acetone under a reflux, and the 
hot solution was filtered from a small amount of resin 20 0 ml of freshly 

’ Crystals resembling those shown in Linneweh and Linneweh s (2) photograph 
were obtained on evaporating a drop of aqueous dl 1 meth>lhistidine solution on 
n watch glass 

dl Histidine has been resolved with d and I tartaric acids (Pyman (11)) 
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distilled dimethyl sulfate ivere added drop by drop uhile the flask uas 
shaken, and the solution i\ as heated under a reflux for 1 hour The acetone 
was remoied under reduced pressure, leaving an amber-colored oily liquid 
w hich w as dissolved in 30 ml of w ater and extracted w ith a little chlorof orm 
w hich w as discarded The aqueous solution w as satin ated with potassium 
carbonate and extracted wnth 500 ml of chloroform in 50 ml portions 
After the chloroform extract was dried wath anhydrous magnesium sulfate, 
it was evaporated under reduced pressure The residue set to a mass of 
yellow crystals w eighing 10 6 gm 

l-Melhylirmdazole-5-formaldehydeMonopicrate — ^The mixture of methylim- 
idazoleformaldehydes was dissolved m 100 ml of water and poured into 
a hot solution of 22 1 gm (1 equivalent) of picnc acid in 800 ml of water 
The solution w as rapidly cooled to room temperature in a wmter bath and 
filtered The yellow crystalline precipitate was washed wuth a little water 
and dned in vacuo over sulfuric acid The yield, 20 1 gm , wms 28 per cent 
of the theory based on the imidazole-4(5)-formaldehyde used The picrate 
melted at 172-173°, simultaneously wuth an authentic sample of 1-methylira- 
idazole-5-formaldehyde picrate prepared according to the directions of 
Hubball and Pyman (7) and with a mixture of the two preparations A 
sample was prepared for analysis by recrystallization from water The 
melting point was not improved by this procedure 

Analysts (Ajetrfaftt)— CsH.ON, C,H,0,N, Calculated, N 20 6 'ound, 21 0 

1- Methylimtdazole-5-formaldchyde — 20 0 gm of 1-methylimidazole 5- 
formaldehyde picrate were shaken wuth a nuxture of 40 ml of 12 per cent 
hydrochloric acid and 80 ml of nitrobenzene The nitrobenzene was 
separated, and the remaining picric acid and nitrobenzene were carefully 
removed from the aqueous solution by extracting three times with 10 ml 
portions of chloroform The solution wms then saturated with potassium 
carbonate and extracted wuth GOO ml of chloroform in 50 ml portions 
The chloroform was dned wnth anhydrous magnesium sulfate and 
evaporated under reduced pressure 6 45 gm of colorless crj'stals melting 
at 54° were obtained This is a yield of 99 5 per cent The material was 
analyzed without further punfication 

Analysis (Kjeldahl ) — CjHtONj Calculated, N 25 5, found, 25 0 

2- Thw-S-acclylhydanloin — 10 0 gm of glycine and 12 9 gm of potassium 
thiocyanate were intimately ground together and suspended in 45 ml o 
acetic anhydride and 5 ml of glacial acetic acid Reaction occurre 
spontaneously m a few minutes titTien the solid had dissolved, 3 ^ ^ 
of concentrated (95 to 96 per cent) sulfunc acid (Merck reagent) w ere a 
drop by drop while the flask was shaken, and the solution was then hea 
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on tlie steim bath for 20 minutes The product was stirred into 165 ml 
of ice cold water and placed m the refiigeiatoi After the mi\ture stood 
4 hours, the stiaw colored crystals were filtered off, w'ashed with water, 
and dried o\er sulfuric acid 15 0 gm of 2-thio-3 acetylhydantom were 
obtained, w Inch softened at 171° and melted at 173-174° After reciystal- 
hzation of the product from 100 ml of alcohol it weighed 115 gm , melted 
at 175°, and was colorless The yield of piiiified product was 55 per cent 
The compound did not depress the melting point of an authentic sample 
of 2-thio-3-acetylhydantoin prepared according to the directions of Johnson 
and Nicolet (8) 

2-Tlno-4-{l-Tncthyhmidazok-6-al)-hydan(om — 1 00 gm of 1-methyhmid- 
azole-5-formaldehyde and 144 gm of 2-thio 3-acetylhydantoin'’ were 
suspended in 2 ml of pyridine On addition of 2 ml of diethylamine® a 
angorous reaction commenced and sudden precipitation occurred after a 
few minutes The mixture was then heated under a reflux on a water bath 
for 10 minutes and poured into 100 ml of hot® water 2 ml of glacial 
acetic acid were added immediately, and the precipitate was filtered after 
cooling to room temperature The product was thoroughly washed with 
water and dned, first over sulfunc acid, then by heating 1 hour at 100° 
in vacuo o\er phosphorus pentoxide The yield was 1 79 gm , 95 per cent 
of the theory It decomposed at 321° A sample purified for analysis by 
dissolving in dilute hydrochlonc acid and precipitating with dilute sodium 
hydroxide decomposed at 333° 

Analys^s (Kjeldahl) — CaHjOSN, Calculated, N 26 9, found, 26 5 

dl-l-Methylhislidine BisS ,4-dtchlorohenzenesxdfonale — 1 00 gm of the 
thiohydantoin w'as refluxed 6 hours w ith 10 ml of constant boding hydnodic 
acid and 0 5 gm of red phosphorus The hydnodic acid w as then removed 
in vacuo and the residue taken up in a little w ater and filtered from excess 
phosphorus The final volume of the solution was 35 ml 3 5 gm of 
3,4-dichlorobenzenesulfomc acid’’ were stirred m rapidly A dense crystal- 
line precipitate (Fig 2) separated almost immediately and w as filtered off 
after standing in the refrigerator for 2 hours The product was washed 
with a small volume of ice-cold 5 per cent aqueous 3,4-dichlorobenzenesul- 
fonic acid solution, dned over sulfunc acid, and freed from traces of the 
sulfonic acid by washing wuth ether It w eighed 2 72 gm and melted at 
251-252° The yield was 91 per cent A sample w'as prepared for analysis 

* The use of a slight excess of acetylthiohs dantoin does not increase the yield 

‘ Piperidine may be used with identical results 

* The thiohydantoin is readily filtered only when it is precipitated from hot 
solution 

^3,4 Dichlorobenzenesulfonic acid was prepared by Vickery ^s procedure (16) 
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by recrystallizing it from m ater This piocedure did not raise the melting 
point 

Analysts (K]eldahl)—C',KnO,l!j, ZCeH.OiSCh Calculated N 6 74 

Found “ 6 77 

dl-l~Methylhtsltdine — A solution of 9 5 gm of banum hvdroxide dissolved 
in 25 ml of hot water ii as added to a hot solution of 15 gm of dM-methyl- 
histidine bis-3,4-dichlorobenzenesulfonate in 75 ml of water After the 
mixture was chilled in the refrigerator 2 hours, the banum 3 ,4-dichIoroben- 
zenesulfonate was filtered off and thoroughly washed with cold water The 
filtrate and washings were combined and concentrated to about 25 ml 
After the material had stood in the refngerator ^ hour, a small amount of 
the banum sulfonate was filtered off and carefully washed with a little 




Fig 2 df 1 Methylhiatidme biB-3,4-dichlorobenzene3ulfonate X 35 

ice-cold water which was combined with the filtrate The solution was 
freed from banum with a shght excess of sulfunc acid, and the filtrate 
concentrated to about 10 ml and precipitated with an equal volume of 
alcohol After the product w'as cooled in the refngerator ^ hour, the 
crystals were filtered off, washed with a httle 50 per cent alcohol, then with 
a few^ drops of 95 per cent alcohol, and sucked dry on the funnel 3 36 gm 
of dZ-1-methylhistidine were obtained The compound decomposed sharply 
at a temperature betw een 247-250'’, depending on the rate of heating 
A second crop of dZ-1-methylhistidine, weighing 0 39 gm , was obtaine 
on concentrating the filtrate to 2 ml and precipitating with an equa 
amount of alcohol Its decomposition point was 2° below that of the rs 
crop On recrystalhzation by dissolvmg in 1 5 ml of hot water and pro 
cipitatmg with 1 ml of alcohol, 0 35 gm of d/-l-methylhistidine was 
obtained, which melted identically with the first crop 
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The total yield of pure rf/-l-methylhistidme ivas 3 71 gm , 91 2 per cent 
of the theory The material i\as analyzed without further purification 

Analysts — CrHnOjNj 

Calculated C 49 69, H G 56, N 24 8, N Me 8 88 
Found “ 49 64, " 6 58, “ (Kjeldahl) 24 6, N Me 8 93 

The Beilstem test for halogen was negative 
1 27 gm , 8 5 per cent, of the dZ-1-methylhistidine bis-3,4-dichloroben- 
zenesulfonate were recotered by evaporating the combined filtrates from 
the precipitation and lecrystalhzation of the dM-methylhistidine to about 
2 ml and adding 1 25 gm of the sulfonic acid 
The properties of df-1-methylhistidine agree with those reported m the 
hterature It gives a positive mnhydnn reaction and a positive Kapeller- 



Fig 3 dl-l Methylhistidine dipicrate X 35 

Adler test though ■with a w'eaker color than histidine Its aqueous solutions 
dissolve cupric carbonate on warming with the formation of a blue color 
dl-l -Methylhistidine Dipicrate — A dipicrate of df-l-methylhistidme was 
prepared by adding an excess of saturated aqueous picric acid to a concen- 
trated solution of the ammo acid It precipitated as an oily liquid which 
solidified on scratching After recrystalhzation from water (yellow prisms, 
Fig 3) and drying over sulfuric acid, it decomposed at 186° 

Analysts (Kjeldahl)— CM, lOtN, 2C,H,OjN, Calculated, N 20 1, found, 20 0 

Identification of dl-l -Methylhistidine with Basic Ammo Acid Obtained on 
Hydrolyzing Anserine with Barium Hydroxide — ^Anserine w as hj drol 3 'zed 
by a modification of the procedure of Linneweh, Keil, and Hoppe-Sejler 
(1) 0 20 gm was refluxed for 24 hours woth 5 gm of barium h 3 ’^dro'xide 

and 5 ml of water After the solution was diluted, most of the barium was 



222 


STUDIES ON l-METHYLHISTIDINE I 


removed as the carbonate and the remainder was precipitated by adding a 
slight excess of sulfunc acid A polanmetnc analysis indicated that the 
1-methylhistidine vas 96 per cent racemized dM-Methylhistidine Mas 
isolated as the 3,4-dichlorobenzenesulfonate and recrystalhzed from Mater 
The appearance of the crystals Mas indistinguishable from that of synthetic 
dl-1-methylhistidine bis-3,4-dichlorobenzenesulfonate The melting point 
of the compound, 251-252°, Mas not depressed on mixture Mith the synthetic 
preparation 

Analysis (Kjcl(iahl)—CiHuO Nj 2C«H40jSCls Calculated N 6 74 

Found “ 6 65 

The 3,4-dichlorobenzenesulfonate M'as converted into the picrate and 
reciystalhzed from Mater The compound M'as dried over sulfuric acid, 
then over phosphoras peiitoxide tn vacuo at 100° The crystals had the 
same appearance as that of synthetic df-1-methylhistidine dipicrate The 
decomposition point, 185°, was not depressed by mixture Mith the synthetic 
compound 

Analysis (KjcldaW)— C iHlOiN, 2C.H,OtNj Calculated, N 20 1, found, 19 8 

SUMMARY t 

dH-Methylhistidme has been synthesized It is identical mth the basic 
ammo acid obtained on hydrolyzing anserine tvith barium hydroxide 
An improved synthesis of 2-thio-3-acetylhydantoin has been descnbed 
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11 A STUDY OF THE METABOLISM OF dl 1 METHYLHISTIDINE IN THE 

ALBINO RAT 

Br WARWICK SA.ICAMI and D WRIGHT WILSON 

(From the Department of Physiological Chemistry, School of Medicine, University of 
Pennsylvania, Philadelphia) 

(Received for publication, April 6, 1944) 

1-Methylhistidine is a component of ansenne, a normal constituent of 
the muscles of many vertebrates (Zapp and Wilson (1)) In a recent 
commumcation (Schenck, Simmonds, Cohn, Stevens, and du Vigneaud (2)) 
its formation in the rabbit by the transfer of methyl groups from methionine 
to histidine has been described A study of the possibility that the methyl 
group can be removed is discussed in the piesent paper Processes of this 
type have been demonstrated foi the methylglycines, t c , sarcosme, 
N-dimethylglycine, and betaine When sarcosme (Bloch and Schoen- 
heimer (3)) or betame (Stetten (4)) containing an excess of N'® was fed to 
adult rats, the glycine isolated from the tissue proteins nas found to contam 
the isotope in much higher concentration than other amino acids, mdicating 
that these compounds can be converted into glycine by demethylation 
without deamination Handler and his cowoikers (5) have observed 
processes of this nature in “broken cell preparations” of rat, rabbit, and 
gumea pig hver in that added sarcosme and N-dimethylglycme were 
oxidized to glycme and formaldehyde 

Since histidme is an essential amino acid for the albino rat, it is possible 
to test the hypothesis that these animals may obtain histidine from dl-1- 
niethylhistidine' by feeding this compound as a supplement to a histidine- 
deficient diet This experiment has been earned out as desenbed belov 

EXPEKIMENTAL 

Five htter mate albino rats 26 days old were confined in separate cages 
and fed ad hbtlum a diet of the following percentage composition starch 
40 0, sucrose 15 0, lard 19 0, cod livei oil 5 0, salt mixture (Jones and Fastci 
(8)) 4 0, agar 2 0, histidine-deficient casein hydrolysate” 14 5, tryptophane 
0 2, and cystine 0 3 Vitamin B complex was proi ided by the separate 
daily feedmg of 100 mg of yeast vitamin (Hams) 

* d Histidine supports the growth of rats nearly as well as I histidine (Co\ and 
Bsrg (6), Conrad and Berg (7)) 

* The histidine-deficient casein hydrolysate was prepared by the procedure of 
Conrad and Berg (7) Casein was hydrolyzed with sulfunc acid and the histidine 
Was precipitated with mercuric sulfate 
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The Height and food consumption were measured at frequent intervals 
and are summanzed m Fig 1 On replacement of the laboratory stock diet 
mth the basal food mixture deficient m histidine, the rats at first lost h eight 
rapidly By the 9th day their weights were approximately constant, and 
the administration of supplemented diets was commenced Rat 1 ivas 
given a supplement of 0 37 per cent Z-histidme and Eats 2, 3, and 4 supple 
ments of 0 80 per cent dZ-l-methyllustidine in the basal diet The dl-1- 



Fio 1 Grow th of albino rate on a baeal diet deficient in histidine and on this diet 
supplemented h ith f histidine and df 1 methylhistidine Sex and initial n eights of 
the rats are indicated to the left of the curves The figure nithin the sex symbol 
IS the number of the rat Letters and figures above the curve denote the diet an 
average food consumption per day respectively, computed for the penod between 
the solid circles Diet A is the basal diet, Diet B is Diet A + 0 37 per cent I hisli 
dine. Diet C is Diet A + 0 80 per cent dl-1 methylhistidine, Diet D is Diet A 
0 37 per cent I histidine + 0 80 per cent dl-1 methylhistidine 


methylhistidine h as prepared by the procedure reported in Paper I (Sakanu 
and Wilson (9)) Rat 5 Has retained as a control The animal receivii^ 
histidine gamed Height and increased its food consumption, nhile the ot 
all continued to decline in h eight After the 22nd day all rats ® 

control Here fed the basal diet supplemented mth 0 37 per cent 
Rat 4 received in addition 0 80 pei cent df-l-methylhistidine T ey a 
consumed more food and increased m Height 
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DISCUSSION 

When compared mth respect to food consumption and loss in weight, 
the three albino rats which received a food mixture deficient in histidine 
supplemented u ith 0 80 per cent dM-methylhistidine were similar to an 
animal u hich was given only the basal diet, and to Conrad and Berg’s (7) 
rats uhich received a closely similar basal food mixtiiie This supplement 
was sufficient to supply 0 37 per cent d- oi Z-histidine if demethylation of 
one of the isomeis occurred On the other hand, when the dZ-l-methyl- 
histidine uas replaced unth 0 37 pei cent Z-histidme the rats consumed more 
food and increased m weight It is endent that under these expenmental 
conditions the albino rat cannot obtain histidine from either the d- or the 
Z-l-methyl derivative Our exTieriment does not indicate whether this 
ammo acid can furmsh methyl groups for the methylation of other com- 
pounds, but if this process occurs, the product is not histidine and cannot 
be converted into it 

It has been reported that anserme is httle if at all toxic (Isachenko and 
Filippova (10)) No evidence was obtained in this experiment that dl-1- 
methylhistidine is toxic for the white lat The rapid loss in w'eight of 
Hat 4 was piobably due to the histidine deficiency, since this ammal gamed 
weight w'hen it received Z-histidine even though the methyl derivative was 
retamed in its diet 


SUMMAEY 

dZ-l-Methylhistidme did not promote growth m albmo rats when fed as 
a supplement to a diet deficient in histidine This shows that these ammals 
cannot obtain histidine by the demethylation of this denvatnm 
Dietary dZ-1-methylhistidine appears to be w'ell tolerated by albino lats 
when fed at a level of 0 80 per cent 

BIBLIOGKAPHX' 

1 Zapp, J A , Jr , and Wilson, D W , Btol Chem , 126, 19 (1938) 

2 Schenck, J R , Simmonds, S , Cohn, M , Stevens, C M , and du Vigneaud, V , 

J Biol Chem , 149, 355 (1943) 

3 Bloch, K , and Schoenheinier, R , J* Biol Chem , 135, 99 (1940) 

4 Stetten, D , Jr , J Biol Chem , 140. 143 (1941) 

5 Handler, P , Bemheim, M L C, and Klein, J R , Biol CAcm , 138, 211 (1941) 

6 Cox, G J , and Berg, CP,/ Biol Chem , 107, 497 (1934) 

7 Conrad, R AI , and Berg, CP,/ Biol Chem , 117, 351 (1937) 

8 Jones, J H , and Foster, C , / Nvtr , 24, 245 (1942) 

9 Sakami, W , and Wilson, D W , / Biol Chem , 164, 215 (1944) 

10 Isachenko, N A , and Filippova, E N , Farmalol t Tolsihol , 2, 32 (1939) , 

Khim Referat Zhur , 51 (1940), Chem Abslr , 36, 3849 (1942) 




THE ACTION OF 1,2-EPOXIDES ON PROTEINS 

Bt HEINZ PRAENKEL-CONRAT 
{From the Western Regional Research Laboratory* Albany, Caltfomta) 
(Received for publication, February 28, 1944) 

Dunng a study of methods for the modification of waste proteins for 
mdustnal use, the scarcity of reagents known to combme with protein 
carhoxyl groups became evident Indications that the carboxyl groups 
of silk fibroin and of wool might be estenfied by treatment with diazomethane 
(1) or methyl sulfate or halide (2) have been reported The conditions of 
the usual methods for estenfication, however, may be harmful for many 
proteins (3) It appeared that l,2-epo\ides (R — CH — CH — R') might 

^0 

prove practicable, masmuch as they are known to combme mth acids under 
mild conditions (4) Several representatives of this class of compounds, 
such as ethylene oxide, l,2-prop3'lene oxide, and epichlorohydrm, are non 
commercially available A search of the literatuie revealed no information 
concemmg the nature of the mteraction of these reagents with proteins, 
other than a patented procedure for the esterification of casern (5) The 
action of epoxides on ammo acids appears to have been studied exclusively 
m anhydrous media (6, 7) Model experiments on the estenfication of fatty 
acids and ammo acids by epoxides m aqueous solution at room temperature 
were therefore mitiated simultaneously with an mv^estigation of the effect 
of these reagents on sev^eral protems Some results of the former expen- 
ments are bemg reported elsewhere * They mdicated that epoxides were 
effective esterifymg agents for dissociated carboxyl groups Ammo groups, 
on the other hand, were found to combme with the reagent more rapidly 
when uncharged 

Treatment with epoxides will be shown here to be similarly effective for 
modifymg protems m aqueous solution at room temperature While 
this publication will be confined to the studies performed on crystalhne egg 
albumm and /S-lactoglobuhn, other proteins were found to react generally m 
a similar maimer* Tlie reactions which weie found to occur can be il- 
lustrated by the accompanymg scheme 

* This 18 one of four regional research laboratories operated by the Bureau (^Agn 
cultural and Industrial Chemistry, Agricultural Research Administration, United 
States Department of Agriculture , , 

*Fraenkel-Conrat, H , Olcott, H S , and Cooper, M , in preparation for publi- 
cation 
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A.CTIO^ OF 1,2-epoxides OX PROTEINS 



C— OH 


•NH, 


C,H^OH + CH, CHR 

SH 


C— OCH,— CHOH— R 

^^NH-CHi-CHOH— R 

P ^ CeHiO— CH — CHOH— R 

^'^S— CHt— CHOH— R 



The most pronounced effect on the properties of the protein is due to the 
estenfication of a great proportion of its carbovyl groups This causes a 
shift m the isoelectnc point bj 1 to 3 pH units The solubility of the pro 
tern m neutral and alkalme solution is diminished and the electrophoretic 
mobihty is affected 

The addition of the reagent to the ammo groups does not suppress their 
basic nature and therefore does not tend to balance the effects of esterifica- 
tion of carboxyl groups on the properties of the protem 

Phenohc and sulfhjdryl groups form ethers and thio ethers with the 
epoxide reagents A study of the reaction of aliphatic hydroxyl groups is 
precluded by the lack of a test for these groups m protems, but it maj be 
assumed that aliphatic ethers do not form under the expenmental conditions 
used, smce the mtroduction of many new hydroxyl groups by combmation 
of the reagent with all types of protem groups would then be expected to 
lead to unlimited polymenzation Actually the yield of the p’otem deriva- 
tive IS limited, the amount of reagent mtroduced never exceeding 10 per 
cent of the weight of the protem, regardless of the excess used 


experimental' 

Preparation of Derivatives — ^The reaction between epoxides and protems 
was performed under vanous conditions, four of which offered definite and 
specific advantages These were (1) reaction m neutral salt-free solution, 
(2) reaction m solution acidified with acetic acid to pH 3 5 (approximate!} 
0 4 gm of acid per gm of protem),' (3) reaction m sodium hydroxide solu 
tion of pH 8 (approximately 2 7 ml of 0 1 n alkali per gm of protein), and 
(4) reaction m 6 6 m urea The egg albumm samples used m the expen 
ments w ere placed at our disposal by F E Lmdquist and R A O’Conne 
of this Laboratory, they w'ere prepared accordmg to Kekwick and Cannan 
(8) and were lecrystallized from two to four times The crystallme ^-lacto 
globulm was kmdly supplied by E F Jansen of this Laborator} w ho pre 
pared it accordmg to the method of Palmer (9) Ethylene and propy ene 
oxides were commercial preparations, epichlorohydnn was fumishe ' 
the Shell Development Companj 

> The details of representative experiments are summanzed in Table 1 

* Hydroohlonc acid was found unsuitable since it combined more rapi y wi 
reagent than did the protein 
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Table I 

Effect of Epoxides on Proteins, Experimental Details 


Conditions of treatment 


Reaction product 
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amounts of the three reagents mdicated no major difference, with the 
exception that the epichlorohjdnn-treated matenal was less soluble than 
the other tivo 

When an epoxide was added to a dialyzed egg albumm solution (1 5 to 
4 per cent), a turbiditj appeared withm a few seconds, followed by gradual 
precipitation of the protein (Method 1) Complete precipitation of the 
derivative occurred when the reagent concentration uas 10 to 20 per cent, 
only 30 to 50 per cent of the protem was precipitated at epoxide concen- 
trations of 3 and 5 per cent The insoluble protem derivative could be 
isolated by centrifugation Repeated washmg ivith 01 m sodium chloride 
solution did not cause losses of the matenal exceedmg 5 per cent 

When the treatment w as earned out m acid or alkalme solution, or m 
urea (Methods 2, 3, 4), no precipitate formed even upon prolonged standmg 
The alkalme solutions weie slowly transformed into clear gels if the protein 
concentration was high (3 to 4 per cent) When the protem was treated 
wuth propylene oxide m 0 5 to 10 per cent sodium chlonde solution, a 
precipitate formed and again disappeared withm about 16 hours, resulting 
in a clear solution or gel, dependmg upon protem concentration This 
phenomenon could be explamed as due to the known tendency of epoxides 
to add hj'drochlonc acid, even from neutral solutions (4), wuth the formation 
of free hydroxyl ions Propylene oxide treatment in salt solution therefore 
corresponded to that performed wuth added alkali (Method 3), as was borne 
out by the physical and chemical properties of the resulting protem de- 
nvatives 

Regardless of the natuie of the solvent, the reaction of proteins with 
epoxides was found to be accompanied by a shift m the pH of the reaction 
mixture toward the alkalme side This shift had previously been observed 
also with ammo acids' and is a direct consequence of the esterification of 
carboxyl groups 

To isolate the leaction products, the solutions (or gels) were dialyzed, 
this mcieased the tendency tow^aid gel formation Electrodialysis was 
then found convenient, leadmg to precipitation of the entire modified pro- 
tein, regal dless of its previous physical state The salt-free suspensions 
could be centrifuged satisfactonly, notwnthstandmg the gelatinous appear 
ance of the electrodialyzed protem The precipitates were frozen and 
dned m vacuo, yieldmg the modified piotem in the form of a light powder, 
generally m jaelds of 100 to 110 per cent While the preparation of the 
protem derivatives by these methods was shghtly more laborious than bi 
precipitation from neutral solution (Method 1), it offered definite advan- 
tages Thus treatment of the protein in alkah or m urea favored the reac 
tion of the ammo groups wuth the reagent Vanations in the conditions 
of treatment also affected the solubility of the protein denvative, as wi 
be demonstrated m the following section 
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Soluhhly of Derivatives — As indicated by the methods of isolation, all 
protein derivatAes Mere almost completel} insoluble in distilled Mater and 
m dilute salt solutions Thej’' Merc, hoMevei, soluble m 40 per cent uiea 
Their solubility m acid and alkaline solutions corresponded to Mhat might 
he expected of protein derivatives containmg fcM’er acid groups hut the 
ongmal number of basic groups Thus all deriv atives studied Mere soluble 
m dilute acid, but much less soluble or insoluble m alkali 
Preparations obtained by Method 1 M’ere the least soluble They could 
he dissolved only at approximately pH 3, or at pH 2 5 if epichlorohj di in 
had been used m their preparation Subsequent addition of alkali ga\e 
rise to a turbiditj folloMed by piecipitation M'hen the pH rose to 4 5 to (> 5, 
dependmg upon protein concentration Addition of alkali up to pH 11 
or 12 generally resulted m lesolution of the material, but the product could 
not be dissolved by the same amount of alkali directly, t e , Mithout pre- 
viously havmg been dissolved m acid An explanation for this Mas sug- 
gested by the finding that a small part of the ester linkages Mas not stable 
in acid solutions, as will be shoMTi beloM 
The denvatives prepared m acid or alkali (Methods 2 and 3) Mere moie 
soluble than those obtained by Method 1 They could be dissolved di- 
rectly m alkali as well as m a weakly acidic medium (at pH 11 or 6, to 1 
per cent or more) The same was the case foi preparations obtamed hv 
Method 4 if treatment was restricted to a period of 1 oi 2 days only 
After 4 days treatment m urea, the product w as considerably less soluble 
Isoelednc Point of Denvatives — ^The fact, aheady mentioned, that 
epoxide-treated egg albumm and /3-lactoglobuhn pieparations weie least 
soluble between pH 7 and 8 suggested a shift of their isoelectiic pomts by 
about 2 to 3 pH units Owmg to then msolubihty m the isoelectric region, 
mdirect methods were used m search of confirmmg evidence Electro- 
dialyzed preparations of both treated (Method 4, 4 days) and untreated egg 
albumm were dissolved m 6 6 m urea (to 1 5 per cent) and the pH values 
of these solutions were determmed by means of a glass electi ode These 
were pH 5 7 for the untreated and pH 8 7 for the treated sample While 
both these values Mere slightly higher than expected, possibl}' oMing to an 
error m the pH measurements introduced by the solvent (40 per cent urea), 
the difference may be regarded as furthei evidence for a shift of the iso- 
electnc pomt of the treated protem 

Confirmation was also obtamed from studies of the dye-combmmg ca- 
pacity of the protems and their derivatives Chapman, Greenberg, and 
Schmidt (10, 11) showed that negatively chaiged protein groups combmed 
Muth basic dyes and positively charged groups Mith acid d^es On the 
basis of the assumption that the isoelectric pomt of a protem corresponds 
to the pH at which the capacity of the protem to combine w ith both acid 
and basic dyes is at a minimum, the use of dyes has been suggested for the 
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approximate detenmnation of the isoelectnc pomt of soluble and insoluble 
protems ' It was observed that the estenfied derivatives of both egg 
albumm and j8-lactoglobulm bound no measurable amoimts of the acid or 
basic dyes between pH 6 and 8, while the untreated protems hound no 
dye at pH 5 

Further confirmation of the change m the isoelectnc pomt of the treated 
protems came from electrophoretic experiments 

Eleclrophorehc Migration — These eiqienments were kmdly performed by 
Dr H P Lundgren and Dr W Ward of this Laboratory by the conven- 
tional Tisehus technique The results of representative runs, summanzed 
m Table II, show that propylene oxide-treated egg albumm and ^-lacto- 
globulm migrated toward the cathode at pH 5 8 and 6 0, while the un- 


Table II 

Effect of Propylene Oxide Treatment on Electrophoretic Mobility 
of Proteins 


Protem and type of treatment 

Electro phoretfc 
mobility* 

pHt 

Fgg albumin, untreated 

sg cm per tcU tee X /O 

-4 4 

5 8 

" " Method 1, 1 day 

+3 0 

5 5 

" “ " 2, 7 days 

-1-6 1 

5 8 

“ “ untreated 

-8 8 

9 6 

“ “ Method 4, 1 day 

-6 2 

9 6 

•' “ 3, 7 days 

-4 1 

9 6 

|5-Lactoglobuhn, untreated 

-2 9 

5 9 

“ Method 3, 1 day 

-1-0 73 

6 0 


• Descending boundary 

t Acetate bufiers were used at pH 5 5 to 6 0 , a glycine buffer at pH 9 5 to 9 6 The 
ionic strength was 0 03 to 0 04 throughout 


treated protems migrated anodically at this reaction At pH 9 6 to 9 9 
all samples migrated toward the anode, the treated ones, as might be 
expiected, at a lower rate than the imtreated preparations With regard 
to homogeneity, the epoxide denvatives mcluded m Table II appeared to 
be of the same order of “punty” as the untreated protems The latter 
may have contained as much as 20 per cent of a contammant of similar 
mobility as the mam fraction, as mdicated by a smgle but not quite sym- 
metncal boundary In contrast to these more soluble epoxide dern atives 
obtained by blethods 2, 3, and 4, most of those prepared according to 
Method 1 had to be ran m the Tisehus apparatus belou pH 4, mnng to 
their msolubihty m salt solutions of higher pH These latter 
shoved mhomogeneity to a considerable extent, due perhaps to the me 
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of preparation or to an action of the buffers of pH 2 5 and 3 5 on the pro- 
tein derivatives 


Dclerminalion of Protein Groups 

Ammo, Phenolic, and Sulfhydryl Groups — ^Amino groups were estimated 
by the Van Slykc manometnc procedure (12), ivith a 15 minute reaction 
penod m a chamber protected from light (13) The ammo nitrogen con- 
tent of vanous protem preparations was found to be largely mdependent 
of the physical state of the matenal, thus, similar values were obtamed 


Table III 

Effect of Propylene Oxide Treatment on Protein Groups 



Method 

No 

^ Conditions of treatment 

Decrease in groups* 

Medium 

Days 

Carboxyl 

Ammo 

Phenol 
{+ indole) 





per cent 

per cent 

per cent 

Egg albumin -f- 

1 

Neutral 

1 

44 

63 

34 

propylene oxide 



2 

49 

66 

55 




4 

70 

73 

60 


2 

Acid 

2 

34 

2 

>0 




6 

46 

27 

>42 


3 

Alkali 

1 

41 

95 

31 




2 

68 

89 

66 





78 

95 

70 



Saline 


59 

91 

so 


4 

Urea 


67 

87 

>55 





78 

95 

>69 





76 

95 

78 

Egg albumin + 

1 

Neutral 


60 

71 

41 

ethylene oxide 

4 

Urea 


77 

85 

80 

P-Lactoglobulin -1- 

3 

Saline 

1 

49 

88 

12 

propylene oxide 



4 

66 

72 

43 


* Corrected for the increase in mass of the protein through combination with the 
reagent, as indicated by decreases in nitrogen content (see Table I) 


for suspensions of 60 to 200 mesh powders and for acid solutions of the 
same material Ammo nitrogen detemimations of vanous epoxide-treated 
preparations mdicated that the ammo groups of proteins had reacted 
almost quantitatively when the treatment was performed m alkah or m 
urea (Methods 3 and 4) The derivatives prepared by rapid precipitation 
from neutral solution (Method 1) still retamed about 30 to 40 per cent, 
and those prepared m acid (Method 2) 70 to 100 per cent, of their ongmal 
ammo groups (Table III) These findmgs are m agreement with those of 
model experiments on ammo acids,* which mdicated that the ammo groups 
reacted preferentially m alkalme solution 
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Other protein groups for which test methods were available vere the 
phenol (plus indole) groups and the sulfhydryl groups For these colon- 
metnc tests, the protein had to be used m solution rather than m suspen- 
sion The Hernott modification (14) of the Folm method was employed 
for the estimation of the phenolic groups The readmgs ohtamed with 
protem derivatives were compared with a standardization curve prepared 
with 2 to 20 mg of native egg albumm * Upon addition of the reagent 
and buffer, some of the samples studied yielded turbid solutions which 
could not be clarified by centrifugation No attempts were made to avoid 
this by the use of a solvent, such as urea or a detergent, which w'ould have 
introduced the unknown factor of the effect of denaturation through the 
solvent on the available tyrosme groups (15) Clear solutions were ob 
tamed with a sufficient number of samples to permit the conclusion that 
the phenolic groups had been blocked to about 80 per cent by both propy- 
lene oxide and ethylene oxide m urea solution, slightly less m alkalme and 
neutral solution without urea, and least in acid solution (Table III) 

Sulfhydryl tests with the Folm reagent m urea solution (16) were negative 
for the derivatives of both egg albumm and )3-lactoglobulm Thus it 
appeared that the ongmal protem thiol groups had been transformed mto 
thio ethers 

Aad and Total Basic Groups — ^While the apparent changes m solubilitj , 
isoelectric point, and electrophoretic behavior of the treated proteins 
stronglj suggested that the carboxyl groups had been estenfied, further 
'proof and m particular a quantitative measure of this reaction had as }et 
to be found Titration curves were determmed repeatedly, but, owing to 
the extended range of msolubility of the modified proteins, these curves 
were necessarily of only limited significance 

The finding of Chapman, Gieenberg, and Schmidt (10, 11) that acid 
and basic dyes combmed stoichiometncally wnth basic and acid protein 
groups supphed a convenient tool for the estimation of these groups An 
application of this findmg to a procedure suitable for routme analysis is 
descnbed m the follow mg paper With this method the number of 
acid groups of protems was found markedly decreased by treatment with 
epoxides, mdicatmg the estenfication of 45 to 78 per cent of the ongmal 
carboxyl groups Treatment for several days m alkahne or urea solution 
(Methods 3 and 4) led to the disappearance of a slightly larger proportion 
of the carboxyl groups than treatment m neutral solution (Method 1)) t e 
acid medium (Method 2) was least favorable for estenfication Ethylene 
oxide was about as effective as propylene oxide m decreasmg protem 
carboxyl groups 

* This curv e wns not a straight line, m contrast to that for free tj rosinc from 0 15 
to 0 6 mg 
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Determinations by dye methods of the total basic groups of vanous 
propylene ovide-treated protein preparations yielded results which were 
similar to or higher than those obtained mth the untreated protems 
(Table I) ‘ Thus conversion of the primary ammo groups to secondar 3 
and possiblj tertiary isopropanol amines did not affect their basic nature 
sufficiently to prevent them from combmmg vith an acid dye at pH 2 2 

Elementary Analyses of Denvaltvcs — In view of the finding that epoxides 
reacted ivith a great number of protein gioups, it was thought that the 
consequent depression in the nitrogen content of the protein denvatives 
might represent a quantitative measure of the over-all extent of mter- 
action For this purpose electrodialyzed samples v ere analyzed bj the K]el- 
dahl method The nitrogen content of untreated egg albumm was found 
to be 15 0 per cent That of treated preparations ranged down to 13 4 
per cent (Table I) ‘ These data indicated that the amount of epoxides 
combined ivith egg albumin represented as much as 9 per cent of the weight 
of the derivative From this it can be calculated that 80 moles of propylene 
oxide may be bound by 1 mole of egg albumm, which corresponds to the 
number of protem groups found blocked by analyses, namely four-fifths 
of the carboxyl and phenolic groups (forty-one and eight respectively) 
and all of the ammo and sulfhydryl groups (twenty-two and seven respec- 
tively) ^ It must be recognized, however, that these calculations are neces- 
sarily only approximations, smee 1 or 2 moles of the reagent may combine 
with the primary ammo groups of proteins The formei was assumed m 
the present calculations 

The nitrogen content of /3-lactoglobuhn® was depressed from 15 0 to 12 7 
per cent through propylene oxide treatment This conesponded to the 
introduction of 120 moles of propylene oxide mto each mole of protem 
However, the number of moles accounted for by protem group analyses 
was only 84 ’ 

* The apparent increases in the basic groups of proteins upon esterification are 
not yet understohd 

* Determined after drying at 105® for 16 hours When the moisture was deter- 
mined separately and correction applied, the nitrogen content of the untreated egg 
albumin was 16 75 per cent The apparent discrepancy appears to be due to the hj - 
groscopicity of the material as recently emphasized by Chibnall, Rees, and Williams 
(17) Although the samples analyzed by the routine method were probably not dry, 
they have been regarded as contaimng similar moisture contents, since epoxide 
treatment does not affect the hydrophilic nature of proteins (see foot note 1) 

’ These calculations are based on recent estimates of the molecular weights and o 
the number of carboxyl groups per mole for egg albumin and ^-lactoglobulin, as sum- 
marized by Cohn anfi Edsall (3) (mol wt 45,000, with 51 carboxyl (including phos- 
phoric acid) groups for egg albumin, mol wt 40,000, with 58 carboxjl groups or 

lactoglobulin) Data for the amino groups, tyrosine and cysteine, of egg albuimn 
were taken from the same source The corresponding values for ^-lactoglobulin 
are those of Brand and Kassell (18) 
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The results of analyses for the chlorine content of epichlorohydnn 
treated protems which had not been electrodialyzed could be sunilarly 
interpreted Electrodialyzed samples, however, contained considerablj 
less chlorine than would be e\-pected fiom their nitrogen content It ap 
peared probable that this procedure may have caused a loss through 
hydrolysis of part of the chlorme The chlorme was also found to be 
removed readily by alkali 

Stability of Protein-Epoxide Bonds toward Acid and Alkali — It appeared 
of importance to ascertam the lability of the newly formed bonds toward 
acid or alkali, particularly m view of the fact that most protein group 
analyses were performed on samples that had been dissolved by means of 
acid or alkali or both For this purpose vanous samples of prop)'lenc 
oxide-treated egg albumin were dissolved in 0 01 or 0 025 n hydrochlonc 
acid or sodium hydroxide,® at protein concentrations of 0 76 and 1 875 per 
cent respectively The solutions had pH values of 2 4 and 115 The 
numbers of free tyrosme, thiol, ammo, and carboxyl groups were determined 
immediately and agam after 1 or 2 days mcubation at 40° 

Comparison of these values indicated m general little change ' A slight 
hydrolysis of esterified carboxylic esters seemed to occur in about half of 
the experiments, but the changes were of the same order as the error of the 
method used (10 per cent) An mcrease of the free phenolic groups was 
observed only m one out of seven experiments The primary ammo groups 
were found to be partly regenerated m alkali, but never in acid This 
alkali lability of some isopropanol-ammo linkages also became evident 
upon companng the ammo nitrogen content of acid-dissolved with that of 
the directly alkah-dissolved protein derivatives, the latter value was con 
sistently higher than the former (about 15 versus 5 per cent of the ammo 
nitrogen of untreated egg albumin) A similar, though mverse, relation 
ship seemed to hold for a small fraction of the carboxyl groups, these 
appeared to be released immediately upon solution in acid (at pH 26 
to 3 0) This could be demonstrated with protem samples that had been 
treated with propylene oxide m alkalme solution (Method 3) and could 
thus be dissolved directly m alkah It was also indicated bj companng 
the free acid groups of a preparation obtamed bj Method 4, when dissohe 
m the minimum amount of acid (1 67 ml of 0 1 n HCl per gm of protem, 
pH 5 5) and when dissolved m the usual amount (13 3 ml of HCl, pH 2 ) 

In these experiments about 10 per cent more free carboxyl groups w^ 
found m the samples exposed to pH 2 4 than in those dissolved at p 
5 5 or 11 

•Samples not directly soluble in uIKah were first dissohed in acid, and 

treated with the necessary amount of alkali, added rapidlj .labditi 

• The thio ether bonds of epoxide-treated proteins thus differ in eir 
from the previously described thioacyl bonds (19) 
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SUMMARY 

EpoKides, such as ethylene o\ide, propylene o\ide, and epichlorohydnn, 
were found to be suitable reagents for the esterification of protein carboxyl 
groups in aqueous solution at room temperature 

Through treatment of crystalline egg albumin and /S-lactoglobulm with 
these compounds, preparations of modified protem were obtained which 
differed from the ongmal material in that 

1 The derived protems shoued isoelectnc pomts which had been shifted 
as much as 3 pH units toward the alkaline side 

2 They ivere msoluble m the isoelectric region, both m distilled ivater 
and m salt solutions 

3 They ivere more soluble on the acid side than on the alkalme side 
of the isoelectnc pomt 

4 They contamed considerably fewei free caiboxyl, phenolic, primary 
ammo, and sulfhydryl groups than the unti-eated protems The decreases 
of these vanous types of groups varied greatly, but m a predictable manner, 
dependmg upon the conditions of treatment 

5 Their nitrogen contents depended upon the type and length of treat- 
ment The lowest values observed with the two protems were 13 4 and 
12 7 pel cent of nitrogen, w Inch mdicated the mtroduction of approximately 
80 and 120 moles of reagent pei mole of egg albumm and /5-lactoglobulm, 
respectively In the case of egg albumin, the calculated figure agreed 
with that to be anticipated fiom the number of substituted groups as found 
by the various analyses With /9-lactoglobulin the number of reagent 
residues accounted for by group analyses was lower than that indicated by 
nitrogen analysis 

The only property of the protems w'hich was not appreciably affected 
by the treatment was the number of their total basic groups Thus any 
difference m the basic character of the ongmal ammo groups and of the 
newly foimed immes did not reveal itself imder the conditions of the test 

In general, the newh”^ mtroduced bonds were surpnsmgly stable m acid 
and alkalme solution with the exception of small proportions of the substi- 
tuted carboxyl and amino groups which were hydrolyzed readily in acid 
and alkali, respectively 

The author is greatly indebted to H S Olcott of this Laboiatory for 
valuable suggestions and cnticism The technical assistance of Mitzi 
Cooper is gratefully acknow lodged 

A-ddendum . — ^Treatment of a solution of egg albumin with propjlcnp oxide at 95 
(in a sealed tube) for 8 hours yielded one half of the protein as a water soluble 
derivative containing twice as many isopropanol residues as could ma\imall> be 
introduced at room temperature A considerable decrease in the total number 
of basic groups was observed, besides the usual loss of carboxyl and ohenolic 
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groups, \shich suggested the possibility that these groups might have become com- 
pletely substituted under such conditions The effects of epoxide treatment at 
elevated temperature will be further investigated 
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THE USE OF DYES FOR THE DETERMINATION OF ACID AND 
BASIC GROUPS IN PROTEINS 
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(Received for publication, March 4, 1944) 

Only a few methods are available for the detennmation of acid and basic 
groups of proteins Titration curves have been most generally used for 
this purpose Their application is restncted, however, to protems which 
are either soluble over a ivide pH range (1, 2) or completely msoluble 
(3, 4), m addition, considerable amounts of matenal are needed The 
usefulness of titration curves is also limited by difficulties of mterpretation 
Metaphosphonc acid has recently been suggested as a reagent for the 
determmation of basic protein groups with which it combines stoichio- 
metncally m acid solution (5) 

Acid and basic dyes are knoivn to combme with protem groups of oppo- 
site ionic charge The pioneer nork of Loeb (6) was earned further by 
Chapman, Greenberg, and Schmidt (7-9) who measured the amounts of 
acid and basic dyes bound by protems at various pH values and correlated 
their findings with those of titration studies The present paper reports 
analytical methods for the determmation of the total acid and basic groups 
of proteins based upon this ability to combine mth dyes m buffered alkahne 
or acid solutions The technique is rapid and simple and is apphcable to 
both soluble and msoluble protems, it is based on the photoelectric deter- 
nunation of the imcombmed dye and therefore can be earned out with 
protem samples as small as the accuracy of weighmg permits 

EXPERIMENTAL 

Reagents — 

Dye solutions, 0 1 per cent orange G (Coleman and Bell) and 0 2 per 
cent safranine 0 (National Aniline) m watei 

The orange G, while labeled as of 78 per cent dye content, was found to 
be of constant chiomogenic value and nitrogen and sulfur content after 
fractionation and recrystalhzation Air-dried samples of both dyes con- 
tamed approximately 10 per cent of water Standard solutions were pre- 
pared from material dried to constant weight at 70° regardless of the dj e 
content” indicated on the labels 

* This 18 one of four regional research laboratories operated by the Bureau of 
Agricultural and Industrial Chemistry, Agricultural Research Administration, 
United States Department of Agriculture 
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Buffers, pH 2 2, 980 ml of 0 1 m citiic acid and 20 ml of 0 2 m disodium 
phosphate (10) pH 11 5, 250 ml of 0 2 m disodiura phosphate and 200 ml 
of 0 1 N sodium hydroxide, water to 1000 ml (11) 

Determination of Orange G Bound by Proteins {Baste Groups) — ^To each of 
four 15 ml test-tubes, suitable for use m an angle head centnfuge, are 
added 5 mg of the protem, 1 ml of pH 2 2 buffer, mcreasmg amounts 
(1, 2, 3, or 4 ml ) of 0 1 per cent orange G, and two glass beads If the 
protem dissolves m the buffer, it will be reprecipitated by the dye The 
suspensions are shaken mechanically foi 20 to 24 hours They are then 
centrifuged, and ahquots of the supernatant solutions are diluted 100 fold 
The color mtensities are determmed by means of a photoelectric colonmeter 
(IHett-Summerson), inth a blue filter (Cornmg No 038 + Pyrex No 554) 
The dye concentration is read from a standard curve prepared from data 
obtamed mth appropriate ddutions of the orange G stock solution This 
curve IS a straight Ime m the range of 0 5 to 10 mg of dye per liter The 
readmgs aie not affected by the presence of the acid buffer 

The dye bound by the protein is determined by subtractmg the excess 
found m the supernatant from the amount added Satuiation of the 
protem with dye is mdicated when no nioie dye is bound by tlie samples 
to which gi eater amounts of dye aie added Foi loutme analyses a series 
of three samples is regaided as sufficient if the results agiee withm H) per 
cent If greater exactness is desired (as m all determmatious listed in 
Tables I and II), slx to t\\ elve samples are prepared More dye is used if a 
definite trend m the first senes mdicates that saturation has not been 
reached The average of all values for the maximal amount of dye bound, 
m mg , multiphed by a com ersion factor of 8 85* jnelds the results in terms 
of acid equiA alents of dye boimd per gm of protem X 10* - 
An alternate technique applicable to proteins soluble at pH 2 2 permits 
the analysis of only about 1 5 mg of protem For example, 1 ml of a 0 75 
per cent solution (m distilled nater, dilute salt solution, or 0 01 n h 3 'dro 
chlonc acid) is dduted mth 1 5 ml of the pH 2 2 buffer and four 0 5 ml 
ahquots of this mixture are treated nuth 0 5 to 2 0 ml portions of dye solu- 
tion The resultmg precipitate is centrifuged off the followmg day and 
the supernatant treated as descnbed above 
Determination of Safranine Bound by Proteins (Aad Groups) ^The pro 
cedure is the same as that for the basic groups except foi the use of t le 

1 The factor represents the valence of the dye (2), X 10, divided b> the molecular 
weight of the dje (452) X the amount of protein used (0 005 gm ) The cmpinca 
formula of orange G is CiiH,oNjO(SOj) ~Na . 

’ Analj ses on proteins containing few basic or acid groups are necessan } m 
(±10 per cent) since thej are derived from the differences between large gu 
■With proteins of typical composition, the averages of three or four samp e 
generailj be reproduced within 6 per cent 
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pH 11 5 buffer and the 0 2 per cent safranme solution After 24 hours 
of shaking and subsequent centrifugation, the solutions are diluted 100- or 
200-fold and read with the same blue filter used for orange G The stand- 
ard curve is a straight line for 0 to 10 mg of dye per liter The factor 
for calculatmg the results m terms of moles (= base equivalents) of dj'e 
bound per gm of protem X 10* is 5 62 ’ Saturation of the protem inth 
dj'e IS agam indicated by the lack of a progressive trend m the amoimts of 
dye bound by samples treated with increasing amounts of dye solution 
The results of at least three samples, agreeing withm 10 per cent, are 
averaged - 

Of protems soluble at pH 11 5, samples of only 1 5 mg are needed, ivith 
a technique correspondmg to that described above 

Effect of Vanahons in Expenmenlal Conditions on Amounts of Dye 
Bound by Proteins pH — For purposes of convenience and practicability, 
the protem-dye combmation was earned out m buffered solutions, thus 
circumventmg the need for pH measurements and adjustments Buffers 
of pH 2 2 and 115 were selected because the work of Chapman, Greenberg, 
and Schmidt (7-9) had mdicated that complete dissociation of protem 
groups in the presence of dyes was approached at these pomts It did not 
seem advisable to use more strongly acid or alkalme buffers, smee the ad- 
vantages of more complete dissociation of protem groups might be over- 
shadowed by the disadvantages of protem breakdown Thus protems 
treated with safranme at pH 12 0 bound considerably larger amounts of 
dye which mcreased with the excess added This phenomenon which 
may be due to protem breakdown or to physical adsorption of the dye under 
these more extreme conditions was not further mvestigated * 

Concentration — When protems were treated with an excess of orange G, 
the amount bound was mdependent of protem or dye concentration withm 
the limits used (0 06 to 0 2 per cent protem and 0 05 to 0 1 per cent dye) 
Of safranme, slightly smaller amounts were bound at lower than at higher 
concentrations, thus the values obtamed with solutions of 0 06 to 0 12 per 
cent protem concentration were 5 to 10 per cent lower than those obtamed 
wnth 0 1 to 0 2 per cent protem concentration (dye concentration 0 12 to 
0 16 per cent m both senes) 

When less than equivalent amounts of the dyes were added to dissolved 

* Saframne O is a mixture of homologous monoacid bases , the molecular weights 
of the two mam constituents, (CmHhNiI+CI- and (CaH iNO+Cl", are 350 5 and 364 5 
Calculations were based on a value of 355 

* Studies are in progress aiming at differential determination of the most strongly 
basic and acid groups by equilibrating proteins with the dyes in buffers less acid or 
basic than pH 2 2 or 11 5 A method for the determination of the approximate 
isoelectric point of insoluble proteins through measurement of the djes bound at 
various pH levels will be described elsewhere 
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proteins, the resulting protein-dye complexes were not completely pre 
cipitated This resulted, paradoxically, m higher colonmetnc readings in 
the soluble phase than when sufficient dye for saturation of the protein 
was added This findmg confirmed similar observations of Rawlins and 
Schmidt (9) 

Time, Shaking, Stale of Protein — ^For routme analyses, a 20 hour penod 
was found practical That equilibration was completed dunng that time 
was mdicated by the fact that no greater amounts of dye were bound by 
proteins after 48 hours of mteraction ' A shorter penod may be sufficient 
for many purposes, smce egg albumm was found to bmd withm 10 mmutes 
90 and 86 per cent of the maximal amounts of orange G and safranme, 
respectively 

Efficient shakmg was essential for equilibration when protein samples 
were treated m test-tubes with more than 2 ml of dye solution 

The state of dispersion of the protem did not greatly affect its capacity 
for the dyes Thus insoluble protems (keratms) of 60 to 80 mesh particle 
size boimd only 10 to 20 per cent less dye than matenal which passed a 
200 mesh screen Also protems which were msoluble m neutral solution 
but soluble m the buffers used bound the same amount of dye when dis 
solved m the buffer before addition of the dye as when solution uas pre 
vented by adding the dye before the buffer 
To mvestigate any possible effect due to mcipient denaturation by the 
acid or alkalme buffer, samples of egg albumm were denatured by heatmg 
for 5 mmutes to 70° at pH 2 5 or 11 7, and were subsequently analyzed for 
their dye-bmdmg capacity This was found to be unaffected by such 
treatment That the heat treatment, but not the pH alone, led to appre- 
ciable denaturation uas evident upon neutralization of aliquot samples 
Significance of Dye-Binding Capacity of Proteins — ^The amounts of the 
two dyes bound by protems, expressed m terms of acid and base equivalents, 
have been regarded as mdicative of the number of basic and acid protein 
groups dissociated under the conditions of the test at pH 2 2 and 115 To 
ascertam which types of groups were thus determmed, several protems 
were analyzed Two of these, egg albumm and j8-lactoglobulm, can be 
regarded as approximately pure protems, masmuch as the preparations 
had been repeatedly recrystalhzed and had been electrodialyzed ^ L^o 
zyme and msuhn vere crystallme preparations not electrodialyzed ‘ ® 

others were commercial protem samples 

•Wool, in contrast to other proteins studied including keratins and silkfibroi , 
did not reach an equilibnum with the d> e solution within 20 to 24 
* The preparations of crystalline egg albumin, p-lactoglobulin, and Ij 
kindly placed at our disposal by Dr F E Lindquist, Dr E F ® j ^ j^p^ny 

Fevold, respectively , crj stalline zinc insulin was supplied by Eli Lilly an 
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A companson of the number of basic groups which bmd orange G with 
that number as determmed by the methods of the literature (1, 2, 5, 12, 13) 
IS summanzed m Table I The good agreement betTveen corresponding 
values for the well characterized proteins may be regarded as evidence for 
the reliability of the proposed method The approximate proportionality 
of results obtamed wnth the crude protems contributes additional support 
It IS concluded from these data that the number of basic gioups bmdmg 
orange G at pH 2 2 represents the sum of the guRnidyl, inudazole, and ammo 
(or- and «-) groups of protems 


Table I 

Companson of Basie Groups of Proteins As Determined by Various Methods 


Protein* 

Basic residues per gm protein X 10* 

Dye binding 
capAcItyt 

Titration 1 

(1 2 12 13) 

^letapbosphoric 
acid binding 
capacit> (5) 

Analysis or 
isolation (12 13) 

Egg albumin 

8 81 

8 0-87 

7 8-80 

9 0 

|3-Lactoglobulin 

11 6t 

! 11 6 


11 6 

Casein 

6 8 

7 0-90 


8 0-9 45 

Fibnn 

12 0 



13 1§ 

Gelatin 

6 0 

8 9-96 


10 75 

Gliadin 

4 3t 

3 4 


4 45 

Insulin 

9 

10 1 

10 3-11 0 

9 5 

Lysozyme : 

11 Si 

1 11 7-12 8 


12 2 

Zein 

1 9 

18-21 


1 5 


*Egg albutmn and (J-lactoglobuhn were electrodialyred, all proteins were cor- 
rected for moisture content Casein, gelatin, gliadin, and zein were commercial 
preparations Tao casein preparations gave identical values See foot-note 6 
concerning the other proteins 

t Moles of orange G bound at pH 2 2, X2 

J These analyses represent averages of data obtained with 5 and 1 S mg protein 
samples, with protein concentrations ranging from 01 to 0 2 and from 0 06 to 0 IS 
per cent, respectively Results of the two techniques agreed within 6 per cent 
§ Determined by nitrogen distribution 

A Similar companson of the groups bmdmg safranme at pH II 5 with 
the carboxyl and with the total acid (z e carboxyl -b phenol -h thiol) 
groups of several protems is hsted m Table II The hterature values given 
for most protems must be regarded as rough approximations, masmuch as 
they were calculated from mcompletely confirmed determinations, fay isola- 
tion, titration, and colorimetry, of the content of dicarboxyhc ammo acids, 
tyrosme, cysteme, and anude nitrogen Only the data for egg albumm 
^d ^-lactoglobulm appear rehable, smee they were obtamed by recent 
improvements m analytical methods (14), supported by titration data 
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(1, 2) These two proteins showed a capacity to bind saframne in an 
amount which corresponded to then total acid groups, a finding which was 
supported bj the data on most of the other protems studied It thus 
appears that the number of acid groups bmdmg safranme 0 at pH 11 5 
compnses the sum of the carbo\yl, phenol, and thiol groups of proteins ^ 
Uses and Apphcalions — The described micromethods for the routine 
detennmation of acid and basic protem groups were developed pnmanl} 
for use m studies of protem denvatives A considerable number of denva- 
tives (of keratms, gluten, egg albumm, /3-lactoglobuhn, casein, etc ) has 
recentl}’’ been prepared m this Laboratory by treatment with epoxides. 


Table II 

Comparison of Total Acid and Carboxyl Croups of Proteins with Their Capacity 

to Bind Safranme 


Protem* 

D>c boundt 



Egg albumin 

13 5§ 

13 8 

10 4 

P-Lactoglobulin 

17 6| 

17 5 I 

14 5 

Casein 

19 4 

16 

13 

Gelatin 

12 7 

10 

10 

Gliadin 

5 5 

7 

6 

Insulin 

17 5 

13 

6 

Zein 1 

5 5 

6 

3 


* See the corresponding foot-note to Table I 

t Moles of saframne O bound at pH 11 5 by 10* gm of protein (ri nge of protem 
concentrations, 0 1 to 0 2 per cent) 

t Of 10* gm of protein, calculated from analyses for glutamic and aspartic acids, 
amide N, tyrosine, and cysteine as summarized by Cobn and Edsall (12), Cbibnall 
ct al (14), and Brand and Kassell (16), and as amended for glutamic acid of insulm, 
gelatin, and gliadin by Olcott (16) The unknown number of terminal carboxj 
groups of the polj peptide chains was disregarded 

§ In more dilute solution (protein concentrations 0 06 to 0 15 per cent), 12 4 an 
16 5 moles of dje were bound by egg albumin and p-lactoglobulin, respectivelj 

aromatic isoc 3 'anates, anhydndes, aldeh 3 des, mtrous acid, and combina- 
tions of these reagents Epoxides were found to conibme with both t e 
acid and the primary ammo groups of protems (17) The estenfication 
was demonstrated by the decreases m the number of acid groups of t e 

’ Before suitable conditions for the determination of total acid groups had be^ 
recogmzed, a relative measure of the acidity of i anous proteins and derivatives w 
obtained from their tendency to bind dyes when the amounts added were ess 
those needed for saturation For these studies both saframne and methj , 
w ere used The amounts of these dj es most readil 3 bound j lelded compare ue 
on the aciditj of proteins and denxatives which ha\e since been con 
determinations of their total acid groups 
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denvatives, as estimated by dye methods, particularly with those of sub- 
maximal combination which are believed to measure pnmanly the carboxyl 
groups ’ On the other hand, the mtroduction of alkoxy residues m the 
ammo groups did not remove their basic nature Actually a slight mcrease 
in the basic groups was found m many epoxide-treated protems, a phe- 
nomenon which IS not yet understood 
Intensive treatment of certain protems xvith phenyl isocyanate led to 
mtroduction of the reagent to the extent of up to 30 per cent (by weight) 
of the protem * Dye methods have now yielded mformation xvhich may 
contribute to an accountmg for this extent of mteraction A few typical 
results obtamed wnth cattle hoof powder and rennet casern are listed m 

Table III 


Effects of Various Reagents on Baste and Acid Groups of Proteins 


Protein and treatment 

Basic 

residuest 

Total acid 
residuesf 

Hoof powder, more than 200 mesh, untreated 

8 8 

10 4 

“ 40-60 mesh, untreated 


8 0 

Phenyl laocyanatej 

■IB 

2 1 

Phthahe anhydride 

3 6 

13 3 

Propylene oxide 

9 2 

8 7 

Same, followed by phenyl isocyanate 


1 7 

Formaldehyde 

7 1 

11 2 

Nitrous acid 

3 8 

13 0 

Casein, untreated 

6 8 

20 3 

Phenyl isocyanate 


4 0 

Propylene oxide 

6 4 

7 2 


* See foot-note 8 for the methods of preparation and treatment 

t Per gm of protem X 10* Determinations based on the capacity to bind orange 
G and saframne O at pH 2 2 and 11 5, respectively 

J All hoof derivatives w ere powders w hich passed a 200 mesh screen 

Table III Treatment w ith phenyl isocyanate was found to cause a loss of 
almost all basic groups and of a considerable proportion of the acid groups 
of the protems On the other hand, phthahe anhydride w as found to react 
only with part of the basic groups In contrast to phenyl isocyanate, 
phthahe anhydnde mcreased the number of acid groups, as would be 
expected from mtroduction of phthahe acid residues With both reagents 
the observed deciease m the basic groups corresponded to the loss m ammo 
nitrogen ® The mcrease in the acid groups of the deammated piotem max 
have been due to nitration of the phenol residues Treatment with formal- 
dehyde caused only minor changes in both acid and basic groups This is 

• Fraenkel-Conrat, H , and Olcott H S , m preparation for press 
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in contrast to a marked decrease m the pnmarj’- ammo nitrogen, indicating 
that the N-methylol or N-methylene groups resultmg from the interaction 
of ammo groups mth aldehydes retam sufficient basicity to bmd orange G 
at pH 2 2 

SUMMARI 

Microanal5'tical methods were developed for the estimation of the number 
of acid and basic groups of protems These were based on the tendenc} of 
the polar groups to bind dyes of the opposite charge, resultmg m a precipi 
tation of the protem-dje complev The acid dye, orange G, combmed 
stoichiometncally with basic protem groups m a buffer of pH 2 2 The 
basic dye, safranme 0, reacted mth acid groups at pH 115, but the extent 
of combmation x\as m this case slightly affected by other factors, such as 
protem concentration 

The number of protem groups bmdmg these dyes corresponded well to 
the total number of basic (guanidyl, imidazole, ammo) and acid (carboxjl, 
phenol, thiol) groups of crjstallme egg albumm and |9-lactoglobulin and, 
approximatel}’’, to those of seveial crude protems studied 
The proposed micromethods were applicable to both soluble and insoluble 
protems They have proved useful tools m the interpretation of the action 
of vanous chemical agents on protems 

The valuable suggestions and criticisms of H S Olcott of this Laboratoi} 
are gratefully acknowledged 
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Methionine containing excess quantities of the stable isotopes S®^ and 
C*’ (in the d and y positions) was desired for certain tracer experiments on 
the relation of methionine to cystine The isotopic carbon and sulfur were 
imtially m the form of NaCN and NajSOj (1, 2) contaimng vanous amounts 
of C*’ and S’‘ respectively > The compounds and reactions involved m the 
synthesis are shown m Diagram 1 

The preparation of methionme from benzyl mercaptan and ethylene 
chloride or bromide had been worked out by Patterson and du Vigneaud 
(3, 4) and modified for use with S“ by Tarver and Schmidt (6) With 
the exception of the first step, which involves condensation of sodium 
benzyl mercaptide with 6 to 10 moles of ethylene chlonde or bromide to 
form benzyl /9-chloroethyl sulfide (III), these procedures give good yields, 
and are well suited to use with valuable isotopic matenals On the com- 
paratively small scale of operation (10 gm ) used m the present work, 
direct recovery of isotopic ethylene halide, to which resort was made m the 
synthesis of methiomne-/3,7-d2 (4), did not seem practical Consequently, 
a device (illustrated m Fig 1) for contmuous circulation of ethylene chloride 
was used Unchanged ethylene chlonde was constantly kept m excess 
in the reaction cup ((7) to which isotopic benzyl mercaptide m propyl 
alcohol was slowly added By use of equivalent quantities of benzyl 
mercaptan-S” and ethylene chloride-C” (II) a yield of 58 per cent of 
reasonably pure benzyl /3-chloioethyl sulfide (III) was obtained 
Ethylene chlonde vas prepared from the heavy sodium cyamde, by 
modification of the standard reactions outlined m Diagram 1, in over-all 
yield of about 46 per cent Methylation of cyanide with dimethyl sulfate 
(6) instead of methyl iodide was found unsatisfactoiy Ethylene, gener- 
ated by pyrolysis of the quaternary ammonium base (I), was collected at 
low temperature in liquid chlonne diluted with methylene chloride 
The preparation of benzyl mercaptan-S” is also illustrated m Diagram 
1 After oxidation of the sulfite to sulfate, use was made of the St Lorant 

* The experimental w ork in this paper w as earned out dunng the period of 1940—11 
The presentation of the work has been unavoidably delajed 

' We wish to express our appreciation to Professor H C Urej of Columbia Uni- 
versity from whom we obtained the isotopic carbon and sulfur samples 
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leagent (5, 7) to pioduce HjS’S which was collected m acid iodine solution 
as flee S’* in almost quantitative yield Treatment of excess benzylmng 
nesium chlonde with this sulfur gave isotopic benzyl mercaptan m ap 
proximately 88 per cent yield 

Tanei and Schmidt (5) have piepared radioactive benzyl mercaptan 
m 70 per cent yield by the action of benzyl chlonde on potassium bisulfide 
Since our nork was completed, Sehgman, Rutenburg, and Banks (8) have 


NaC»N CH,C»N 

Raney’s nickel 


CH,C>»H,NH, 

1(1) CHiI 
i(2) AgiO 


CH^CUH, 

Cl, 

CH,C10>H,C1 
1 ( 11 ) 


NaOH 


CH.C>»H,N(CH.),{OH)- 

(I) 


Na,S»0, — Na,S><0, 


St Lorant's 
reagent 


CeH,CH,S>‘H ^«HsCH,MgCl g„ ^ — I 

(HCI) 


C,H5CH,S>‘C»H.C»H,CI 

(Ul) 


C,H,CH,S»'C»H,C'>3,C(C0 C,H.): 


(IV) 


N(co),c.a 

(1) NaOH 

(2) HCI 


CH,S«C‘»H,0“H,CHCO H - C,H,CH,S’'C"H,C>»H,CHCO,H 

I (1) Na I 

NH, (2) CH,I NH, 

(VI) tV) 


Diagram 1 Compounds and reactions involved in synthesis of methionine Coni 
pound III was of course in realitj a mixture of equal quantities of CiHiCHio 
CH,C"H Cl and CjHsCH S^'C^HjCH Cl The same holds for Compounds IV, V, 
and VI 

repoited the use of ladioactive elemental sulfui and benzylmagnesium 
chlonde vnth a lesult similai to ours 


EXPERIMENTAL 

Isotopic methionine, UHjS’*C*’HiC*’H:CHNH 2 COOH, "as prepared 
from KaC*’N and Na^’^Oa of vanous isotope concentrations by a com- 
bination of the following procedures 
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Sulfur— 15 0 gm of NajSO, were placed m a 1 liter Claisen dask suitably 
altered to accommodate the absorption flasks ^ihich ivill be descnbed sub- 
sequently A solution of 16 5 cc of concentrated ammoma in 200 cc of 
nater was added to the flask To the cooled solution were added, dunng 
5 minutes, 25 cc of 30 per cent hydrogen peroxide After 20 minutes the 
solution was evaporated iti vacuo on a water bath 
The solid was nnsed down from the walls of the flask with a few cc of 
water and, after attachment of the absorption tram, 25 1 gm of red phos- 



reif'° ^ Apparatus for condensation of with C«H,CICH,C1 A 

which is placed the ethylene chloride, B, a vent, C, the con- 
dropping funnel, a pmch clamp, F, a mechanical stirrer, G, a cup 
receives material from the condenser, /f, a pinch clamp 


phorus and a mixture of 167 cc of colorless 57 per cent HI and 125 cc of 
anhydrous formic acid were added (7) The HjS was absorbed m a trap 
coo e m ice and contammg 234 cc of 1 n lodme in potassium iodide and 
cc of concentrated HCl This trap was followed by three auxiliaiy 
smaller amounts of the lodine-HCl solution 
oil b containing the sulfate and reducing iruxture W’as heated in an 

.. ^ to 90 with a slow stream of nitrogen passmg through the apparatus , 
^ r hour at this temperature the bath was heated during successive 
ours to 110-115° and to 140-150°, where the temperature was mamtained 
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for 1 hour After this treatment a negative test for sulfide in the vapor 
over the reducmg mixture was obtained 

The contents of the scrubbers were combined, cooled m ice, and stannous 
chloride (40 per cent m 1 n HCl) was added gradually with stirnng until 
all the lodme color disappeared The gummy sulfur was separated and 
washed as free as possible from liquors After being dned overnight in 
vacuo, the bnttle product was ground with dilute acidified stannous chlonde 
solution, iinth dilute HCI, and finally with nater The dned powder (95 5 
per cent S by analjsis) weighed 3 91 gm , this represents 99 per cent of the 
theoretical yield from NajSOj 

Benzyl Mercaplan — 3 8 gm of sulfur (95 5 per cent) were added dunng 
45 mmutes to a well stirred benzylmagnesium chlonde solution prepared 
from 8 gm of magnesium, 34 3 cc of benzyl chlonde, and 160 cc of ether 
The reaction flask nas cooled m ice and the onfice flushed with a constant 
stream of pure mtrogen After addition of the sulfur, the pasty mixture 
was stirred I hour at room temperature, 100 cc of dry benzene were added, 
and the stirrmg was contmued for an hour longer at ordinary temperature 
and then for 2 hours at 50-60° under a reflux 

The matenal was cooled m an ice-salt bath and hydrolyzed by slow addi- 
tion of 15 per cent HCl After separation of the layers and extraction 
of the aqueous phase with benzene, the combined organic layers were dis 
tilled Traces of sulfide evolved nere absorbed m alkali Discillation of 
the residue at 18 to 20 mm yielded at 85-87° 12 5 gm , o' 88 per cent of 
the theoretical yield, of benzyl mercaptan 

Ethylamine — 1 1 3 gm of sodium cyanide (96 per cent) were dissoh ed in 
17 cc of water, 36 3 gm of methyl iodide were added, and the mixture nas 
shaken for 24 hours (9) After overnight storage m a refngerator, a little 
water was added to dissoh e a small precipitate and the matenal was dis 
tilled very slowly The fraction from 76-100° (13 8 gm ) was nnsed mto a 
hydrogenation bottle containmg 10 gm of Raney’s nickel paste, and was 
diluted to 75 cc (10) Approximately the theoretical amount of hydrogen 
had been absorbed after 4 hours of shaking The ice-cold solution wm 
filtered and the mckel washed very thoroughly w'lth water and 5 ^ NaU 
(total of ten washmgs) Preparation of N-ethyl-p-bromobenzenesuI on 
amide on a small aliquot indicated a yield of approximately 70 per cen 
from NaCN 

Ethylene Chlonde — 11 gm of ethylamine in about 10 per cent 
solution were placed m a 1 liter 3-necked flask beanng a stirrer, ® 
condenser, and dropping funnel The solution was cooled in ice an 
gm of HaOH were added in portions (11) After removal of tlic ice 
65 cc of methyl iodide were added in portions of 3 to 5 cc , at 
the rate at which the iodide w’as consumed An ice bath was app 



G W KIUIER and V DU VIGNEAUD 


251 


sionally to prevent more than a gentle reflux Methyl iodide collected m 
the reaction flask toward the end and a little more NaOH had to be added 
to keep the mixture alkaline The material was stirred for 1 hour at room 
temperature and then refluxed and stirred for 2 hours At the end of this 
time, the excess methyl iodide was distilled The AgjO freshly prepared 
from 220 gm of AgNOs vas slowly added to the solution which was s^ken 
and cooled After filtration, the Agl was washed four times by suspension 
m distilled uater The combined filtrates were concentrated at 70° and 
15 mm to 200 cc 

The concentrated solution was filtered mto a 250 cc dist illin g flask 
sealed to a doira distillation condenser and tn o receivers m senes, cooled in 
ice, and so arranged that the evolved gas bubbled through an excess of 6 N 
HiSOi To the second receiver were sealed m senes four bubble traps 
which were cooled in a dry ice-tnchloroethylene bath The first served to 
condense moisture and the other three each contamed 7 cc of methylene 
chlonde and 7 cc of dry chlorine for absorption of the ethylene (12) The 
vent on the last trap was connected to a CaCh tube and a bubble counter 
The system was all-glass and arranged to permit nitrogen to sweep through, 
the slightly elevated internal pressure being mdicated by a mercury U-tube 
At a bath temperature of 130-140°, the water was distilled from the solu- 
tion in the distilling flask into the acid in the receivers After 4 hours at 
140-150°, at which temperature most of the ethylene was evolved, the bath 
was raised gradually to 210° and finally to 250° for a few minutes Back 
titration of the sulfunc acid indicated that nearly the theoretical amount 
of the base had been evolved The chlonne traps were unsealed and the 
chlonne was allowed to evaporate at room temperature The residual 
matenals were combined, cooled in ice, and one-half saturated NaHSOj 
solution was added with shakmg until the chlonne color disappeared After 
the solution was dned over MgSO^ and filtered, the methylene chlonde was 
distilled very slowly The mtermediate fractions were redistilled 19 3 
gm of matenal boihng at 77-86° were ob tamed, this crude matenal repre- 
sents 80 per cent of the theoretical yield from the ethylamme 

Bemyl 0-Chloroethyl Sulfide — ^Fig 1 represents the apparatus used to 
condense sodium benzyl mercaptide with molar proportions of ethylene 
chlonde In the 125 cc bulb (A) were placed 8 9 gm of ethylene chloride 
The dropping funnel (D) which was controlled by the rubber connection 
and pmch-clamp E contamed 2 2 gm of sodium and 11 8 gm of benzyl 
mercaptan m 50 cc of dry n-propyl alcohol, the matenals were protected 
from atmosphenc moisture by CaCli tubes on the mouth of D and on the 
vent {B) At a bath temperature of 100-150° the accumulated n-propyl 
alcohol and unchanged ethylene chlonde in A refluxed from the condenser 
(C) and dropped mto the 15 cc cup ((?), the product, being relatively non- 
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volatile, remained in A The level of NaCl suspension m G was controlled 
by the rubber connection and pinch-clamp H The contents of the cup 
were mixed mechanically with the stirrer {F), about 10 hours were required 
for the addition of the mercaptide solution 
When all the mercaptide had been added, the matenal was poured into 
400 cc of ivater and after separation the aqueous phase vas extracted four 
times iwth 25 to 50 cc portions of benzene The orgamc layers were 
combined and the solvent was distilled finally in vacuo The residue was 
distilled at 1 5 mm , 3 ueldmg 9 8 gm , i e 58 per cent of the theoretical 
yield, of benzyl ^-chloroeth}'! sulfide distilling at 105-108° (3) 

Another evpenment indicated that l-chloro-2-bromoethane could be used 
equally well for the preparation of benzyl /3-chloroethyl sulfide, but that it 
offeied no advantage as far as yield is concerned over the more easily 
prepared ethylene dichlonde 10 gm of benzyl mercaptan were added to a 
solution of 1 9 gm of sodium in 45 cc of absolute alcohol This cooled 
solution was poured into 11 5 gm of ice-cold l-chloro-2-bromoethane, 
after a few seconds there was a sudden precipitation m the solution After 
agitation for 5 minutes at room temperature, the mixture was poured into 
350 cc of water, the layers were separated, and the aqueous phase extracted 
with benzene After distillation of the benzene and a small forerun, 8 5 
gm of the product, representing 56 per cent of the theoretical yield, were 
obtamed at 107-109° and a pressure of 1 5 mm A qualitative test for 
bromine on this product was negative, and the boding point agrees fairly 


well with that reported for the chloro compound 

S-Bemylhomocysleine — This compound was prepared by a modification 
of the method of Tarver and Schmidt (5) 8 3 gm of benzyl P chloroethyl 

sulfide, 15 7 gm of ethyl sodiophthahmidomalonate, and 1 to 2 cc of dry 
toluene were placed in a 100 cc centrifuge tube which was closed with a 
CaCl: tube The mixture was heated 5 hours at 170° m an oil bath, was 
centnfuged and decanted, and the NaCl was washed repeatedly with tolu 
ene After evaporation of the solvent in vacuo, the oil was heated for 
hours in a boihng water bath -with 19 5 cc of alcohol and 50 5 cc of 5 N 
NaOH The lumps of sohd which formed w ere crushed as well as ® 
at intervals dunng the heatmg The mixture was cooled in ice 
solid was collected and washed twite with alcohol-water (15 1 cc ) ® 

filtrate was evaporated in vacuo to a thick paste and the solid colle^ an 
washed as above The total crude sodium salt (21 4 gm ) thus o tain , 
222 cc of nater, and 26 3 cc of concentrated HCl were heated 
bath for 2 hours, after which time 135 cc more of concentrated H ^ 
added, and the heatmg was continued for 45 mmutes The cooled mix 
was treated with 1 gm of mfusonal earth and 1 gm of decolonzing Mr 
remove oU, and w'as filtered After concentration to about c , 
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was checked by petroleum ether extraction of a saponified and acidified por 
tion of the extracted lesidues from each sample The amount of readual 
hpid present was, in each case, less than 0 4 pei cent of the onginal amount 
present A summary of the fat content of the milks is given m Table I 
Phosphohptd Separation — The ether solutions of the total lipids were 
concentrated to approximately 75 ml and poured with stirnng mto 1200 ml 
of dry redistilled acetone at room temperature 1 ml of magnesium chlo- 
nde solution (saturated solution in alcohol) was added The mixture was 
allowed to stand overnight and the flocculent precipitate which separated 
was dissolved in moist ether and reprecipitated wuth acetone ^ After filtra- 
tion, the residue was agam taken up m moist ether and the magnesium 
chloride removed by centnfugation The ether solution was dned with 
anhydrous sodium sulfate, solvent was removed in tacuo, and the phos 
phohpid was weighed Phospholipid analyses are shown also in Table I 


Table I 

Ltpid Content of Human iltlKs 


Analy&LS 

Cotostfum 

Mature taiSt, 
22Dd to i3rd 
day 

1st and 2ad 
days 

3td day 

Sample extracted, gm 

121 2 

183 4 

181 2 

Fat obtained, gm 

19 66 

35 76 


Total hpid on water free basis, % 

16 8 

20 1 

26 2 

“ " " whole milk “ % 

2 2 

2 3 

3 2 

Phospholipid of total hpid, % 

6 1 

: 7 


“ “ whole milk, % 

0 80 

) 19 



Phosphorus determinations accordmg to the method descnbed by Fontame 
(2) mdicated an average phosphorus content in the phospholipids of 3 65 
per cent 

Volatile Fatly Acids — ^The acetone-soluble hpids from each milk 
were sapomfied m redistilled methanol and the resulting soaps were reduc 
nearly to dryness in lacuo and transferred with distilled water to an all 
steam distillation apparatus After acidification of the soaps with 
per cent sulfunc acid, the free acids were steam-distilled for 6 hours un 
at least 1200 ml of distillate were collected In order to avoid any oss o 
volatile acids, the condensate was collected in an ice-cooled 
The aqueous distillate was extracted with ethyl ether and dned ov er neu 
anhydrous sodium sulfate After remo\al of the ether, the steam-vo a 
acids were fractionally distilled through a fractionating colunm 
recovered ether, the extracted aqueous solution, and the sodium a 
for drying were all titrated with standard KOH, and the total aci 











COMPONENT FATTY ACIDS OF EARLY AND MATURE 
HUMAN MILK FAT* 

By a RICHARD BALDWIN! and HERBERT E LOAGENECKER 

{From the Deparlmeni of Chcmtstry, University of Pittsburgh, Pittsburgh) 

(Received for publication, April 10, 1944) 

Ihe techniques of qualitative and quantitatne fatty acid analysis have 
been applied fiequently to the fat of cow’s milk and the milk of a few othei 
animals Howei er, there is no compaiable information available on human 
milk 

The most extensive attempt to characterize human milk fat ^\as that of 
Bosworth (1) His data, based on an analysis of 3 pounds of fat, indicated 
that there are several differ ences of both a qualitative and quantitative 
nature from the fat of cow’s milk Thus, he comments that ‘ the fatty aci s 
of low molecular weights aie present in the fat fiom human milk m muc 
smaller quantities than in the fat from cow’s milk ” Unfoitunately, it is 
difficult to calculate from Bosnorth’s data the composition of the thir y 
fractions he obtained in the distillation of the mixed methyl esters 
The present study on breast milk was undertaken as pait of a general 
program sponsored by the Nutrition Foundation, Inc , to provide 
satisfactory quantitative information on the composition of human m 
Samples of human milk for this study were collected during several peri 
ods of lactation and dried by the cryochem process at the Children s un 
of Michigan Two of the samples studied ivere taken from 75 individuals 
dunng the first 3 days post partum and the third sample lepresents norma 
milk taken from two individuals during the 22nd to 43id day of lactation 

IXPERIMCNT^L 

Pieparahon of Fal— The lipid matenal was extracted from the cryochem- 
dned samples of colostrum and mature milk first with ethano an en 
with ethyl ether in a Soxhiet apparatus for a total of 96 hours Alter 
removal of the solvents, the combined extracts from each extrimtion i\ere 
taken up m redistilled ethyl ether and washed free of w'ater-solu e 
ties The water washings and extracted residues w ere save or ur er 
studies Aliquots of the dried ether solution of the total lipid were w eig e 
after removal of solx ent in vacuo to determine the amounts of at ex rac 
from each dried milk sample The completeness of the original extrac ions 

* Contribution No 525 from the Department of Chemistry, Universitj of Pitts 
burgh 

t Nutrition Foundation Fellow 
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was checked by petroleum ether extraction of a saponified and acidified por 
tion of the extracted lesidues from each sample The amount of readual 
hpid present was, in each case, less than 0 4 pei cent of the onginal amount 
present A summary of the fat content of the milks is given m Table I 
Phospholipid Separation — The ether solutions of the total lipids were 
concentrated to approximately 75 ml and poured with stirnng mto 1200 ml 
of dry redistilled acetone at room temperature 1 ml of magnesium chlo- 
nde solution (saturated solution in alcohol) was added The mixture was 
allowed to stand overnight and the flocculent precipitate which separated 
was dissolved in moist ether and reprecipitated wnth acetone ^ After filtra- 
tion, the residue was again taken up m moist ether and the magnesium 
chloride removed by centnfugation The ether solution was dned with 
anhydrous sodium sulfate, solvent was removed in lacuo, and the phos 
phohpid was weighed Phospholipid analyses are shown also in Table I 


Table I 

Ltpid Content o/ Human Milks 


Analy&ts 

Colostrum 

Mature mi&i 
22Qd to i3rd 
day 

1st aad 2ad 
days 

3td day 

Sample extracted, gm 

121 2 

183 4 

181 2 

Fat obtained, gm 

19 66 

35 76 


Total lipid on water free basis, % 

16 8 

2T 1 

26 2 

“ " " whole milk “ % 

2 2 

2 3 

3 2 

Phospholipid of total hpid, % 

6 1 

: 7 


“ “ whole milk, % 

0 80 

} 19 



Phosphorus determinations accordmg to the method described by Fontame 
(2) mdicated an average phosphorus content in the phospholipids of 3 6 
per cent 

Volatile Fatty Acids — ^The acetone-soluble hpids from each milk 
were sapomfied m redistilled methanol and the resulting soaps were leduc 
nearly to dryness in lacuo and transferred with distilled water to an all 
steam distillation apparatus After acidification of the soaps wi 
per cent sulfuric acid, the free acids were steam-distilled for 6 hours un 
at least 1200 ml of distillate were collected In order to avoid My oss o 
volatile acids, the condensate was collected in an ice-cooled > 

The aqueous clistillate was extracted wnth ethyl ether and dned ov er neu 
anhydrous sodium sulfate After remo\al of the ether, the steam-vo a ^ 
acids were fractionally distilled through a fractionating 
recovered ether, the extracted aqueous solution, and the sodium a 
for drying were all titrated with standard KOH, and the total aci 
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calculated as butyric acid Galculatiou of the compositions of the distillate 
fractions was made on the basis of the neutralization equivalents and iodine 
values of the individual fractions The data for the distilled volatile 
fractions from the analysis of mature milk fat are given in Table II The 
calculated composition of the volatile acids of the three samples studied 
was 2 8 moles per cent for human colostrum on the 1st and 2nd days, 
2 0 on the 3rd day, 3 4 for mature human milk 
The percentage of volatile acids found, compared ivith the peicentages 
m butter fat (3), suggested the possibility that, in spite of all the precautions 
taken, loss of low molecular weight acids might have occurred either during 
the cryochem dr3nng or subsequent handling In an effort to check the 
entire procedure used in these analyses of human milk fat, a sample of un- 
pasteurized cow’s milk (obtained on the market in Detroit) was dried by the 
cryochem process exactly as the human milk samples had been dried The 


Table II 

Fractional Distillation of Steam Volatile Acids {Mature Mill) 


Fraction No 

Weight 

NeutraluaUoDi 
equivalent , 

Iodine value 





i» 




2* 




3 

0 090 


0 0 

4 

0 097 


7 6 

Residue 

0 299 


8 1 


* Ethyl ether, butyric acid calculated from titration of all recovered ether, 3 mg , 
sodium sulfate used for drying, 16 mg , ether extracted aqueous solution, 105 mg 


subsequent extraction and volatile acid analysis were performed in a manner 
identical to that described above for the human milk fats The results of 
this analysis indicated the presence of an amount of steam-volatile acids 
(14 5 moles per cent) which would be expected on the basis of earlier 
analyses of cow’s milk fat 

N on-V olaiile Fatty Acids — The acids non-volatile in steam w ere convei ted 
to neutral methyl esters, wuthout the customary lesort to separation by 
either crystallization of the acids or lead salts, and fractionally distilled at 
1 to 2 mm head pressure through a packed column (4) fitted wuth a take off 
designed to separate adjacent fractions with mimmum admuxture (Fig 1) 
Details of the analysis of the ester fractions from one of the distillations 
(mature human milk fat) are given in Table III Analyses of the tw'o other 
samples were very similar to the one showm The percentages of octa- 
decadienoic, octadecatnenoic, and eicosatetraenoic acids were obtained bv 
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spectrophotometnc CAamioation of aa aqueous solution of the soaps after 
isomenzation m ethylene glycol at 185“ for 30 minutes Calculations of the 
component acids were made from these data by the customary procedures 
(5) for the first twelve fractions For Fractions 13 to 16 the increment of 
the iodine value due to the detei mined amounts of octadecadienoic and 



Fig 1 Distillation head for fractional distillations under redui id pressure This 
apparatus provides for the interchange of the receiving tubes without alteration of 
the pressure on the column itself and for minimum mixing of the distillate during 
collection (a) Standard taper 10/30 250” thermometer with a 6 inch stem from the 
joint to the bulb (6) The distillation bead may be sealed directly to a packed 
ractionating column or there may be a standard taper connection to make the head 
interchangeable (c) 3 Way capillary stop cock with one outlet through the plug, 
sealed to within 1 cm of the bowl at a point immediately under the tip of a sealed m 
finger condenser, the total distance of the capillary should be kept at a minimum 
(d) Small hole for air inlet during exchange of receivers (e) Either standard taper 
connection or rubber stopper to hold interchangeable receivers (f) 3 Way T stop 
cock (2 mm bore) connected to 10 mm glass tubing (g) Connection to \acuum 
line 

octadecatrienoic acid was calculated and subtracted from the determined 
iodine value to obtain the amount of oleic acid present The equnalent 
weight of the saturated acids present vas then calculated to estabhsh the 
proportions of individual saturated acids In the case of fractions con 
taming Cm esters, the Cis matenal (saturated and unsaturated) nas as- 
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sumed to have the same composition as in the main Cis fraction (No 15) 
The amount of eicosatetraenoic acid was calculated from spectrophoto- 
metric analysis' and the remainder of the C«o material present was calcu- 
lated as eieosanoic acid and eicosadienoic acid The basis for calculation 
of the latter acid was the large amount of absorption due to diene conjuga- 
tion other than that arising from octadecadienoic and eicosatetraenoic 
acids which were found by spectral analysis of the isomenzed soaps of 
fractions containing G'>o material The total component fatty acids of the 


Table III 

Practional Dialtllalion of Methyl Esters of Non-Volalile Fatty Acids from Mature 

Human Milk 


Fraction No 

Amount 

Saponifi 
cation ' 
equivalent 

Iodine value 
CWjjs) 

Octadeca 

dienoic 

acid 

Octadeca 

trienoic 

acid 

Eicosatet 

raenoic 

acid 





\Dttght 

loetthl 

ipetghi 





per cent 

per cent 

per cent 

1 

0 302 

183 0 





2 

0 674 

204 5 





3 

0 588 

209 2 





4 

0 497 

214 8 

1 8 




5 

0 362 

230 5 

4 9 




6 

0 801 

236 9 

6 0 




7 

1 087 

239 9 

4 2 




3 

1 023 

246 0 

8 1 




9 

0 765 

261 7 

17 2 




10 

3 036 

268 7 

13 3 




11 

1 275 

270 4 

8 8 




12 

2 310 

270 2 

9 0 

0 2 

0 0 


13 

5 595 

288 3 

71 2 

13 57 



14 

1 932 

294 7 

94 6 

17 44 

10 


IS 

10 978 

295 8 

83 5 

13 44 



16 

1 057 


87 6 

13 74 


6 2 

17 

0 920 


130 2 



15 3 

18 

0 315 

348 4 

143 0 



17 6 

19 (Residue) 

0 558 

364 1* 

94 5 



10 4 


* '^fter removal of unsaponifiable material 


matuie human milk fat and the two samples of colostral fat are given in 
Table IV 

Absorption curves for the isomenzed soaps of four fractions fiom the 
distillation of the methyl esters of mature milk fat are showm in Fig 2 
On the basis of the determined equivalent weight, iodine value, and 

' Standard absorption values for eicosatetraenoic acid were graciously provided 
by Dr B W Beadle and Dr H R Kraybill, American Meat Institute, Chicago, 
Ulinois 
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spectrophotometno study of the isomenzed soaps. Fraction 14 contains only 
Cis matenal, Fraction 15 is mainly Cia mth a small amount of Ca, and 
Fractions 17 and 18 are almost entirely Cm, or higher, esters Tetraene 
material is evidenced m Fractions 15, 17, and 18 by the typical absorption 
maxima at four wave-lengths The tnene absorption at 270 mg can be 

Table IV 


Component Fatty Acids of H-uman Mxlk Fats 


Acids 

Weight percenUge 

Molar perceoUge 

1st and 
2Qd days 



Isl and 
2nd days 

■ 

■ 

Saturated 

Butyric 

0 2 

0 3 

0 4 

0 7 

0 8 

1 1 


Caproic 

0 1 

0 1 

0 1 

0 3 

0 2 

0 1 


Caprylio 

0 8 

0 1 

0 3 

1 5 

0 1 

0 6 


CapriQ 

3 5 

0 9 

2 2 

5 3 

1 4 

3 3 


Xaunc 

0 9 

2 6 

5 5 

1 2 

3 4 

7 1 


Mynstic 

2 8 

4 9 

8 5 

3 3 

5 7 

9 6 


Palmitic 

24 6 

27 8 

23 2 

25 4 

28 9 

23 4 


Steanc 

9 9 

7 7 

6 9 

9 2 

7 2 

6 3 


As arachidio 

4 9 

2 7 

1 1 

4 1 

2 3 

0 9 

Unsatu- 

Deoenoic 

0 2 

0 1 

9 I 

0 3 

0 1 

0 I 

rated 

Dodecenoic 

0 1 

0 1 

0 1 

0 1 

0 1 

0 1 


Tetradecenoic 

0 1 

0 2 

0 6 

0 1 

0 2 

07 


He’cadecenoio 

1 8 

2 9 

3 0 

1 9 

3 0 

30 


Octadecenoic 

36 0 

37 1 

36 5 

33 8 

35 1 

33 3 


Octadecadienoic 

7 5 

0 2 

7 8 

7 1 

5 9 

7 3 


Octadeeatnenoio 

0 3 

0 3 

0 4 

0 3 

Q 2 

04 


Eicosatetraenoic 

1 8 

1 6 

0 9 

15 

1 4 

08 


As eicosadienoic 

4 6 

4 7 

2 4 

3 9 

4 0 

20 

Total 

Saturated 

47 7 

47 0 

48 2 

51 0 

50 0 

52 4 


Unsaturated 

52 3 

53 0 

51 8 

49 0 

50 0 

47 6 


c. 

0 2 

0 3 

0 4 

0 7 

0 8 

1 1 


c. 

0 1 

0 1 

0 1 

0 3 

0 2 

0 1 


c. 

0 8 

0 1 

0 3 

1 5 

0 1 

0 8 


Cio 

3 7 

0 9 

2 3 

5 6 

1 5 

3 4 


Cm 

0 9 

2 6 

5 6 

1 2 

3 4 

7 2 


Cu 

2 9 

5 1 

9 1 

3 4 

59 

10 3 


c.. 

26 4 

30 7 

26 2 

27 3 

31 9 

28 3 


Cu 

53 7 

51 3 

51 6 

SO 4 

48 4 

47 3 


As Gjo 

a 3 

9 0 

4 4 

9 6 

7 8 

3 7 


accounted for almost completely by the tetraenoic acids However, e 
extensive absorption at 234 mg, representmg diene conjugation, canno 
possibly have arisen entirely from the eicosatetraenoic acid present an can 
be due, m part, only to a diene Ca, a Cm acid, or both, smee the 
of octadecadienoic acid present m the last fractions is very small an nen 
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evidenced by the iodine values which are much higher than can be ac 
counted for by the eicosatetraenoic acid alone 

The presence of he\ade cenoic acid in the Cie fractions from the distillation 
of 3id da} colostram ivas verified by the isolation of a product by fiactioiial 
crystallization of the mixed acids of the Cie distillate fiactions, iihichivas 
mainly hexadecenoic acid as judged by iodine \alue and saponification 
equivalent 

Analyses — 

Hexadecenoic acid Calculated I I»o 99 0, saponification equivalent 25i 4 
Found “ “ 88 9, “ “ 255 6 

Charactenzation of the diethenoid Cis acid u as attempted through the 
separation of characteristic bromides No ciystallme tetrabromostearic 
acid was obtamed upon bromination of the free acids of the Cis fractions 
m petroleum ether However, a heavj' red liquid, insoluble in petroleum 
ether, was separated, bromine analysis indicated the presence of a mixture 
of di- and tetrabromosteanc acids 

Analyses — CijHjiBriOi Calculated Br 63 26 
CisHjiBnOs “ “ 36 47 

Found “ 49 62, 49 61 

It appears, theiefoie, that the octadecadienoic acid m human milk fat may 
not be identical with hnoleic acid of ordmary seed fat, although the latter 
may be present in traces 


DISCO SSIO^ 

The results of these analyses mdicate several definite trends m the amount 
and composition of the human fat as the penod of lactation progresses 
Fat as percentage of total solids m the milk inci eases maikedly as the 
milk passes thiough the colostral stages and becomes matuie milk Like 
wise, the peicentage of phospholipid (xeiy high in 1st and 2Dd da) co- 
lostrum) decreases to a much lowei value in latei milk 

No significant changes m the proportion of low moleculai weight acids 
appeal dunng this transition fi om the first milk secretion to mature milk 
How e\ er, there appears to be a regulai mcrease in the amount of Cn and 
Ci 4 acids and a veiy significant decrease in stearic acid and all the acids o 
greater molecular weight than Cis These changes, a decrease in amount 
of higher acids and increase in amount of lowei acids, may well be as 
sociated with the functional development of the lactating mammary glan 
following parturition The remarkable constancy found foi the percen 
ages of oleic acid and the x olatile acids is not m agreement with 
that colostial fat is nchei m oleic acid (G) and contains less of the \ o a i c 
fatty acids (7) than normal milk 
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The possibility tliat different diets of the mothers are responsible foi 
these changes is higely ruled out by the fact that all the milks analyzed 
were pooled samples While it is true that the composition of most tissue 
fats depends to a large degree upon the kind of fat m the diet, it has been 
found that cow’s milk fat is affected only slightly by vanation in diet (5) 
unless the dietaiy fat is especially abundant m certain fatty acids (8) 
Even under the latter conditions, cow’s milk fat is of fairly constant com- 
position If these expeiiences with cow’s milk fat can be correlated vith 
the human study, then the piesent analyses may be expected to be repie- 
sentative of the human milk fats obtained at various specific stages of lacta- 
tion Under special dietai y conditions, slight vai lations might be expected 

In a compaiison of these analyses with cow’s milk fat (3), several dif- 
ferences m composition are apparent The most obvious and mterestmg 
of these is the relatively small amounts of low molecular weight fatty acids 
m the human nulk fats Although this fact has been knowm previously, 
there has been a tendency to emphasize the occurience of these acids m 
cow’s milk fat as having some special sigmficance in infant feedmg These 
acids, however, are not present in human milk fat in sufficient quantity 
to make the infant’s need for them credible solely on the basis of their 
occurrence 

Another point of difference is the much larger amount of octadecenoic 
and octadecadienoic acids m human milk fat than in cow’s milk fat In 
fact, the molar percentage of total unsaturated acids is significantly greater 
for the former (about 50 per cent) than for the latter (about 35 per cent) 
It IS of considerable interest, howevei, that the relatively high amount of 
octadecadienoic acid present in the human milk fat does not have the 
characteristics of the linoleic acid of ordinary seed fat All attempts to 
obtain crystalline tetiabromosteanc acid were unsuccessful However, 
the liquid bromides, insoluble in petroleum ether oi ethyl ether, obtamed 
on brommation of the Cis fractions were mainly tetrabromostearic acid 
Additional verification for the presence of appreciable amounts of octa- 
decadienoic acid in the Gia fractions is furmshed by the spectiophotometric 
analyses of the alkali-isomeuzed soaps of these fractions The typical 
conjugated diene absorption peak at 234 mji (for example, see Fraction 15 
of Fig 1) was shown for all fractions containing Cis esters, and the amount 
of octadecadienoic acid was calculated by comparing the amount of ab- 
sorption at this peak with standard values obtained by isomerizing pure 
methyl linoleate 

Absoiption peaks at 270 mfi, typical of isomeiized tnenoic acids, wen 
also obtained and were calculated as octadecatiienoic acid bv comparison 
with absorption values obtained after isomerization of pure methyl lin- 
olenate However, since the amount was very small, it is possible al- 
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though not probable, that this material could have come from the 
octadecadienoic acid A small amount of tnene matenal has been shown 
to appear during the distillation and mampulation of dienoic acids and 
their denvatives (9) The amount of eicosatetraenoic acid may also m- 
clude other tetraenoic acids, as suggested by Bosworth Since it was 
impossible to calculate accurately the amount of single dienoic acids of the 
Ca) and C 22 senes, all the unsaturation not accounted for by the eico- 
satetraenoic acid was calculated as eicosadienoic acid This calculation 
IS not stnctly justified, but smce the actual amount is small, the over all 
error is also small The same is true for the calculation as eicosanoic acid 
of all the saturated acids havmg molecular weights greater than Cjs 

The presence of other unsaturated acids, those contaimng 10, 12, 14, and 
J.6 carbon atoms, was vended by the lodme values and sapomfication 
eqmvalents of the distillate fractions of the methyl ester Unfortunately, 
the small amount of matenal available for the analyses precluded the 
possibihty of isolatmg any but the hexadecenoic acid m degree of punty 
sufficient to confirm its presence However, previous analyses of known 
mixtures® have shown that the fractional distillation procedure used in 
these analyses provides separation of the lower boilmg fractions so as to 
prevent any contamination with Cis unsaturated acids 

SUMMARY 

1 Total fat, phosphohpid, and complete faity acid analyses of com- 
posites of the fats of human colostrum of the 1st and 2nd days, human 
colostrum of the 3rd day, and mature human milk were determmed 

2 The percentage of total fat increases and the phospholipid decreases 
as the lactation period progresses 

3 The amount of low molecular weight fatty acids is very small as 
compared to cow’s milk fat analyzed m an identical manner 

4 There is a relatively large amount of C 20 and C 22 acids m the colostral 
fats, and these acids decrease while the Ci 2 and Cu acids mcrease as the 
postpartum period lengthens 

The authors are grateful for the collaborative assistance of Dr Icie 
Macy Hoobler and Dr Harold H Williams m securmg and drymg t e 
milk samples used in this study, and for additional financial assistance 
provided by The Buhl Foundation 
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REJUVENATION OF PHOSPHATE IN ADENINE NUCLEOTIDES 


I ENZYMATIC METHODS FOR SEPARATION OF PHOSPHATE 
GROUPS IN POLYPHOSPHORYLATED NUCLEOTIDES* 

By HERMAN M KALCKARt 

{From Iho Deparimenls of Radiology and Pharmacology, Washington University School 
of Medicine, St Louis) 

(Received for publication, March 17, 1944) 

Adenosine tnphosphate has been shown by a large number of mvesti- 
gators to be of importance m the transfer of phosphate The tn- or 
diphospho compounds liberate or donate the labile phosphate groups, 
whereas the dephosphorylated compound, adenyhc acid, accepts phosphate 
from phosphoamidines (1, 2), phosphoenol pyruvate (3), or phospho- 
carboxylates (4, 5) A study of trans- and dephosphorylations in the intact 
animal became possible after the mtroduction of isotopic phosphate mto 
biological studies (Hevesy (6)) The aim of the present paper has been to 
find methods which would permit a separate isotope analysis of the two 
labile phosphate groups in adenosme triphosphate 
The phosphate groups in adenosme triphosphate have been numbered 
as illustrated in the accompanying formula 


I ^ 

CH— CHOH— CHOH— CH— CH, 

0 

I 

— O— F 

II 

0 

Phosphate gioup 1 is stable, te, it does not participate m the rapid 
trans- and dephosphorylations which involve the phosphate groups 2 and 
3 It has been found that a number of enzymatic trans- and dephosphory- 
lations tn vitro mvolve only the third (termmal) phosphate group 

The following enzymes have been shown to catalyze reactions involving 
the third phosphate group exclusively (one-step transphosphorylasesU 

* Aided by a grant from the Commonwealth Fund 

t Present address, the Public Health Research Institute of the City of New York, 
Inc 

^ An enzyme which catalyzes the transfer of phosphate from one organic linkage 
to another 



N=CNH, 


HC C— N. 


II II /CH 

N— C— N^:^- 
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ENZYMATIC ANALYSIS OP NUCLEOTIDES 


Dephosphorylations 


Adenosine triphosphatase 

Lobster muscle 


(2)* 

f€ it 

Myosin from rabbit muscle 

(7) 

Inosme tnphosphatase 

Transphosphorylations 

“ and muscle 
rabbit muscle 

extract from 

(8) 

Hexokinase 

Bakers’ yeast 


(9) 

Arginine transphosphorylaaef 

Lobster muscle 


(2) 

Phosphoglycenc acid tranaphos 

Brewers’ and bakers’ 

yeast 

(4. 10) 

phorylase 

Babbit muscle 


(10) 


However, m other enzyme systems trans- and dephosphorylations of 


adenosine triphosphate mvolve both labile phosphate groups 

(two step 

transphosphorylations) 



Dephosphorylations 



Adenylpyrophosphatase 

Liver 

(11) 

(C 

Potato 

(12) 

Inosme tnphosphatase 

(( 

(12) 

Transphosphorylations 



Acetyl phosphate transphorylase 


(13) 

Creatme transphosphorylase 

Babbit muscle 

(1) 

Phosphopyruvate transphosphorylase 

(( M 

(3, 14) 

The phosphate group 1 is spht off by 

a specific enzyme, the so 

called 6- 


nucleotidase (16) This phosphate group participates under certain 
circumstances m the phosphate cycle H6, 17) 

Studies of the rate of rejuvenation of phosphate groups m mtact animals 
with radioactive phosphate (P”) have revealed a rapid shift of phosphate 
m the pyrophosphate part (phosphate groups 2 and 3) of adenosme tn 
phosphate, whereas the first phosphate was shown to be rejuvenated at a 
much slower rate (Korzybski and Pamas (18), Hevesy (19)) Korzybski 
and Pamas showed that withm 30 mmutes aJter the mjection of radio- 
active phosphate the muscle pyrophosphate has reached the same isotope 
concentration as that of the morgamc phosphate m the muscle 
Meyerhof et al (20) showed a rapid rejuvenation of the pyrophosphate 
group tn miTO 

'' In the present studies an attempt has been made to obtain an estima e 
of the rates of rejuvenation of the second and third phosphate groups m 
restmg muscle and liver and, m particular, to compare the rates of rejuvena 
tion of the two phosphate groups , 

The separation of phosphate groups 2 and 3 is not possible by any o 
nary chemical procedure However, any one of the enzyme sys e ^ 
listed above as one-step transphosphorylases can be used as a too m 

• Bibhographio reference numbers 
t See foot note 1 
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separate isotope detenmnation of the second and the third phosphate 
groups Of these enzymes, hexokinase from bakers’ yeast has been used 
most extensively m the present work This enzyme, which can be ob- 
tamed as a relatively stable preparation which remains active for several 
months, is not only stnctly specific towards adenosme triphosphate, but 
IS completely free of any other enzyme which could mobihze the second 


phosphate group (21) 

Isotope Analysis of Phosphate Groups in Adenosine Triphosphate 
Adenosme triphosphate is isolated accordmg to Lohmann (22) from the 
muscles of an animal which has been injected with radioactive phosphate 
a few minutes previously The isotope concentration of the complete 
nucleotide is determmed ^ In order to separate the stable phosphate group 
(No 1) from the two labile groups (phosphates 2 and 3), the nucleotide 
18 subjected to hydrolysis with barium hydroxide at 100 (22) This gives 
rise to a hberation of morgamc pyrophosphate (phosphates 2 and 3) and 
adenylic acid (phosphate 1) A separation between the stable and labile 
phosphate groups can also be effected by adding potato' adenylpyrophos- 
phatase (12) to adenosine triphosphate In this case, the second and third 
phosphate groups are obtamed as orthophosphate The values obtamed 
by the two methods are m agreement (see Paper II, Table VII) The latter 
method has also been used in ordei to separate the first and second pho^ 
phate gioups m adenosine diphosphate In this case the hydrolysis wit 
barium hydroxide is very slow 

In order to separate the second and third phosphate groups, adenosme 
tnphosphate is mcubated with glucose in the presence of yeast hexokinase 
When the phosphate transfer has proceeded to completion, adenosme 
diphosphate and hexose monophosphate (G-phosphohexose) are iso ate 
through the banum and mercury salts (see the details latei) 

The results of isotope analysis of the three phosphate groups m a enosine 
tnphosphate from rabbit and frog muscle will be presented in Paper 

(c/ (23), Tables V and VI) , u ^ 

Isotope Analysis of Hexose Monophosphate — ^In older to analyze exos 
monophosphate present m muscle extract or formed m the hexo e , 
It IS sufficient to precipitate the ester either wth banum acetate and ethanol 
or noth lead acetate,’ remove traces of ademne nucleotides wit mercuric 
salts in acid medium, and finally precipitate the ester with calcium 
and hot ethanol, thus obtaimng the crystalline calcium hexose monop os- 
phate (24) 

In the presence of glycerophosphate it is not possible to o m pure 


» The details of the isotope analysis will be descnbed in a 
* When lead acetate was used, the tissues were always fixed wit 
acid and all metals used were added as acetates 
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he\ose moaophosphate owing to formation, of a double salt between glyceto 
phosphate and he\ose monophosphate (Smythe (25)) A very specific 
method for the separation of hexose monophosphate P m the presence of 
glycerophosphate is the enzymatic conversion of glucose-6-phosphate to 
glucose- 1-phosphate by the enzyme phosphoglucomutase (26) Colomck 
and Sutherland (27) tound that 4 5 to 5 per cent of the glucose 6 phosphate 
IS converted to glucose- 1-phosphate The phosphorus of the latter com 
pound can be liberated by 5 mmiites hydrolysis in boding n sulfunc acid 
or enzymatically by conversion to starch by phosphorylase (28) and ana- 
lyzed for isotopic phosphorus This method furthermore makes it possible 
to estimate what percentage of the phosphorus m a fraction is hexose 
monophosphate (see the experimental section) 

It thus appears that a number of enzymatic reactions are of value as 
tools for isotope analyses of sexeral important phosphate compounds 
There is reason to believe that enzymatic methods might also prove to be 
useful in isotope analyses of other elements 

EXPERIMENTAL 

Isotope Analyses of Adenosine Triphosphate — 75 gm of fiog muscle nete 
mmced and extracted twice with a solution of 2 5 per cent HgCU m 0 5 N 
HCl The filtiate was tieated with H^S gas, the aerated filtrate was made 
alkaline to pH 8, and barium acetate was added The barium precipitate, 
which contains the adenosine triphosphate and the inorganic phosphate, 
was washed and dissolved m dilute HNOj The ademre nucleofade was 
precipitated wuth mercunc nitrate, washed, freed of Hg with H-S, and the 
aerated filtrate was neutralized and analyzed 

Total amount of orgamc P, 13 8 mg , corresponding to approximately 
140 mg of Ba salt The ratio of labile to total P was 0 64, calculated, 0 67 
Adenosine triphosphate in an amount corresponding to G 4 mg of labile 
P (or 9 6 mg of total P) was incubated at 30° and at pH 7 2 with 100 y 
of hexokinase from yeast in the piesence of 3 mg of RlgCl* and 60 mg o 
glucose After 1 hour the protein was precipitated with tiichloroacetic 
acid and the adenosine diphosphate (phosphate gioups 1 and 2) formed was 
precipitated with barium at alkalme leaction, redissolved m HNOj, pre 
cipitated with mercuric nitrate, decomposed wuth HiS, and neutra ize 
The total organic P thus recovered from the barium precipitate 
5 3 mg of P, maximum yield 6 8 mg of total P , i c 80 per cent yie 
A sample of this adeuosine diphosphate containing filoyofPwas igez 
and analyzed for X Found, 515 7 of N> calculated, 580 7 of ’ 

the N P latiQ was, therefore, found to be 1 06, the theoretica ^ 
adenosine diphosphate being 1 12 The ratio of labile to tota 
calculated, 0 50 
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The third phosphate group which was eatenfied to hexose was recovered 
from the supernatant fluid after the barium precipitation of adenosme 
diphosphate The barium hexose monophosphate was precipitated by 
addition of an equal volume of ethanol and redissolved m acid Traces of 
ademne nucleotide were removed by precipitation with mercuric acetate 
The hexose monophosphate which contains the third phosphate group 
remains in the supernatant The total orgamc P of this fraction was 
1 8 mg of P, maximum yield, 3 mg of P, i e 60 per cent yield In order 
to identify the material, the ester was precipitated as the crystallme calcium 
salt by adding calcium acetate and an equal volume of ethanol to a solution 
of the ester, the mixture was heated to 70°, which gives rise to formation 
of a crystalhne calcium precipitate 

An amount of this calcium precipitate conta inin g 500 y of orgamc P 
consumed 15 5 micromoles of I 2 m the Macleod-Robison titration, cor- 
respondmg to 2800 y of glucose, or since approximately one-fourth of the 
hexose of the ester is fructose, 3500 y of total hexose An amount of 500 y 
of orgamc P would correspond to approximately 3000 y of total hexose 
Isolation of Adenylic Acid — A poition of the adenosine diphosphate frac- 
tion contaimng 1100 y of labile P was incubated with 150 y of potato 
adenylpyrophosphatase and 1 mg of CaCU, pH 6 5, temperature 30°, 
incubation time 30 minutes The orthophosphate liberated was precipi- 
tated as the barium salt The total amount of orthophosphate was 890 y 
of P The barium salt of adenylic acid which remained m the supernatant 
fluid w as precipitated by addition of 1 5 volumes of ethanol The banum 
precipitate was dissoh ed in water, and the solution brought to about pH 3 
and precipitated vath mercuric mtrate The mercury salt was washed 
twice with water, decomposed with HjS gas, and the aerated filtrate which 
contained the free acid was analyzed 
The total amount of organic phosphate in this fi action was 510 7 of P, 
the maximum yield corresponded to 1100 7 of P, j c approximately 50 per 
cent yield No inorgamc P was found, and only 1 3 per cent of the orgamc 
P was labile A sample containing 77 7 of P was digested and analyzed for 
nitrogen Found, 180 7 of N, calculated, 174 7 of N foi adenylic acid 
Enzymatic Analysis of Crude Hexose Monophosphate — ^Adenosine triphos- 
phate containing 2850 7 of labile P was incubated ivith 67 7 of purified 
yeast hexokinase, 50 mg of glucose, and 2 mg of MgCl-, pH 7 2, tempera- 
ture 30° After 30 minutes incubation, the adenosine diphosphate formed 
was precipitated with barium acetate Yield, 835 7 of labile P, which is 
60 per cent of the maximum amount 
The remammg orgamc pyiophosphate m the supernatant flmd was 
hydrolyzed by boiling in dilute HCl The inorgamc phosphate liberated 
was removed by precipitation with barium hydroxide The supernatant 
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fluid yielded 1240 y of organic P, containing 200 y of acid-labile P before 
hydrolysis or 840 y of organic P after hydrolysis The volume of the bar- 
ium supernatant was 3 3 ml , 1 5 ml , containmg 380 y of orgamc P, ivere 
incubated with 600 y of phosphoglucomutase,* 2 mg of glutathione, and 2 
mg of MgCli The control contained the same components except the 
enzyme 

In the presence of enzyme, 8 9 7 of acid-labile P (P split after 5 minutes 
boihng m HCl) was formed, correspondmg to 198 y of glucose monophos 
phate P (4 5 per cent glucose- 1-phosphate to 95 5 per cent glucose G-phos 
phate (28)) or 436 7 m the whole sample Since the whole sample contamed 
840 7 of orgamc P, the percentage of P due to glucose monophosphate is 
436/840 X 100 = 52 per cent or with one-third to one-fourth as fructose-G 
phosphate, the percentage of hexose monophosphate was approximatelj 
570/840 X 100 = 70 per cent The chief impunty in the hexose monophos 
phate fraction after acid hydrolysis is probably nbose-5-phosphate 

SUMMARY 

An enzymatic method by which the two labile phosphate groups m 
adenosine tnphosphate can be separated has been described The terminal 
phosphate group was transferred to glucose by the enzyme hexokinase 
The second phosphate group was liberated by the addition of an adenyl 
pyrophosphatase preparation from potato The speciic enzymatic 
separation of the phosphate groups in adenosme triphosphate makes 
possible an analysis of isotopic phosphate in each of the phosphate groups 
of the nucleotides 
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The present studies deal with the uptake of phosphate m muscle and with 
the rate of rejuvenation of phosphate m phosphocreatme and m the pyro- 
phosphate of adenosme polyphosphates 
These studies of phosphorus metabolism by means of radioactive phos- 
phorus had three mam purposes (1) to obtam information about the nature 
of phosphate uptake m the muscle, (2) to obtam an estimate of the rate of 
rejuvenation of the labile phosphate groups m restmg muscle, (3) to meas- 
ure mdividualiy the rates of rejuvenation of the two labile phosphate 
groups m adenosme tnphosphate (phosphate groups 2 and 3) and to 
compare them with that of phosphocreatme 
Before these problems could be solved, however, it was necessary to find a 
method for detenmning the intracellular morgamc phosphate without inter- 
ference from the extracellular highly radioactive phosphate 
Hevesy and Rebbe (1) showed that phosphate penetrates the skeletal 
muscle very slowly and as a consequence the specific radioactivity (radio- 
activity per mg of P) of the extracellular phosphate remains for a long tune 
much higher than that of the mtracellular phosphate 
It IS obvious that failure to take mto account the existence of such an 
extracellular pool of highly radioactive phosphate would give rise to ex- 
cessively high values for the concentration m the morgamc fraction m 
muscle as compared with that of the orgamc fractions 
On that account the mterpretations of Sacks m 1940 (2) and of Bollman 
and Flock m 1943 (3) with regard to rejuvenation of phosphocreatme and 
adenyl pyrophosphate m muscle cannot be considered vahd, smce no cor- 
rections were made for the extracellular phosphate Sacks and Altschuler 
m 1942 (4) made corrections for the extracellular phosphate However, 
smce they did not measure the extracellular space but used an average value, 
these calculations are necessarily crude and do not constitute a basis for 
mterpretations Furchgott and Shorr (5) have recently obtamed direct 

* This work was supported by a grant from the Commonwealth Fund 
t Present address, the Pubbc Health Research Institute of the Citi of New York, 
Inc 
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values for P®* concentratiou of extra- and intracellular phosphate in shces 
of heart muscle equilibrated tn vtlro in a medium contaming P” 

The errors made by identifying the morgamc P obtained by direct e\trac 
tion of a muscle mth that of the mtracellular morgamc P are fairly small 
with respect to analytical values (mg per cent of P) but are large with 
respect to specific radioactivity Even larger errors may appear when 
small animals, such as rata, are injected with radioactive P containing as 
much as 7 5 mg of P (c/ Bollman and Flock (3)), thus raismg considerably 
the level of morgamc P m serum, under such conditions the P“ conoentra 
tion of the combined extra- and intracellular phosphate can reach values as 
high as 15 times that of the P“ concentration of the mtracellular phosphate 
alone These considerations may also apply to the results obtamed by the 
contmuous admimstration of P^^ (6) 

In order to estimate the errors due to inclusion of extracellular P, extracts 
from unperfused muscle and from muscle perfused with ice-cold Ringer's 


Tabub I 

Cancenlralton af Inorganic Photphale from Unperfused and from Perfused Skeletal 
Muscle {Cf Protocol 1) 



ReUuve ipeci£c acuvity 

Serum inorganic P ! 

Inorganic P in unperfused muscle i 

“ “ “ perfused muscle 

6650 

235 (136% error) 

100 


solution were compared mth respect to specific radioactivity of the inor- 
ganic P The specific activities of serum and of successive portions of the 
perfusion fluid were also determined Smee the experiment was performed 
m order to study the rejuvenation of labile P groups, the tune from the 
injection of P“ (intravenous) to the fixmg of the muscles did not exceed 30 
mmutes The details of the experiment will be desenbed m the expenmen 
tal section (Protocol 1) 

The error due to extracellular P in the unperfused leg can also be calcu 
lated if the extracellular and serum morgamc phosphates are assumed equ 
m concentration and radioactivity Assummg that the extracellular space 
IS equal to 12 per cent of the muscle (7) and that the serum phosp 
concentration is one-fourth to one-fifth that of the muscle phosphate, ® 
smee the serum P m Table I is about 66 times more active than m^ e , 
the error would be (0 12 X 0 20 X 86) X 100 = 158 per cent, which agrees 
mth the 135 per cent mcrease actually found , 

The error due to extracellular P remaimng m the perfused leg can 
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calculated, since different portions of the perfusion fluid were tested for 
radioactivity If the radioactivity per ml of serum is considered 100, 
the P” concentrations m various portions of the perfusion fluid were as 
described m Table II 

The maximal error is, therefore, (0 12 X 0 20 X 0 04 X 66) = 6 per cent 
In the estimation of the specific activity of intramuscular morgamc P there 
IS another source of error to be kept m mind Dunng the period of per- 
fusion of the leg (mth occlusion of the other leg) phosphocreatme breaks 
down m both legs The analytical amount of morgamc P increases, 


TABtE II 

P” Concentralion tn Serum and tn Perfusion Fluid of Muscle {Of Protocol 1) 



Relative concentration 

per ml 


per cent incriantc P acimty 

Serum 

100 

Middle 400 ml perfusion flmd 

s 

Last 400 ml perfusion fluid 

4 


Table III 

P“ Concentrations tn Phosphate Fractions from Muscle (Cf Protocol 1) 



Radioactivity per cent 
of inorganic P 


Perfused 

muocles 

Unperfused 

muscles 

Inorgamc P 

100 

235 

Phosphocreatme P* 

61 

61 

Pyrophosphate m small sample 

56 

58 

Labile P of isolated adenosine tnphosphate 

Stable " “ “ “ “ 

57 

8 

58 


• See foot note 1 


whereas the specific activity decreases, smce it is diluted mth phosphate 
from a large pool, the phosphocreatme pool, which has, at least mitially, 
a lower specific activity than the morgamc phosphate 
In the experiment m Table III the inorganic P has been diluted with 
about an equal amount of P from the phosphocreatme pool, which has a 
somewhat lower specific activity The specific actiiity of the original 
morgamc P might therefore be as high as 120 to 130 instead of 100, ivhich 
would make the specific activity of the orgamc labile phosphate less than 
50 per cent of that of the morgamc phosphate It is important to empha- 
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Size that the contnbution of phosphocreatme P to the pool of inorgamo P 
was the same on the perfused and the unperfused side * 

The lower isotope concentration in the labile P esters compared with m 
orgamc P has a direct beanng on the question, does phosphate enter the 
muscle exclusively by a metabohe reaction (for instance a reaction between 
phosphate and glycogen or aldehyde groups) or does phosphate enter the 
muscle primarily bj exchange’ The problem is of importance too for the 
understandmg of the mechanism of absorption of phosphate and of glucose 
m the intestine and the kidney tubules According to Sacks and Altschuler 
(4), phosphate penetrates the muscle exclusivelj’' by breakdown and resyn 
thesis of phosphocreatme and adenyl pyrophosphate - In their studies on 
skeletal muscle the isotope concentration of the labile P esters was always 
found by these workers to be as high as the morgamc P In heart muscle 
Sacks and Altschuler in some eases found highei isotope concentrations in 
the labile esters than m the inorganic P Their calculations of the extra 
cellular and intracellular phosphate, were, however, too crude to permit 
such far reactung conclusions Moieovei, Furchgott and Shorn (5) m 
experiments with heait muscle tn vitro showed that the P“ concentration 
of the labile phosphate groups is maikedly lowei than that of the mtra 
cellular phosphate, in particular at low temperature The authors em 
phasize that these observations are hardly compatible with the hypothesis 
of formation of an orgamc labde phosphate ester mtei mediate in the pas 
sage of phosphate into the cell 

The present experiments are m agreement w ith the findings of Furchgott 
and Shorr (c/ Table IV) 

Provided that the ammomum-magnesium precipitate represents only 
morgamc phosphate, it seems certain that phosphate enters the muscle 
primarily by a physical exchange The possibility that phosphorolysis o 
glycogen plays a r61e m the uptake of phosphate is discussed later in t b 

The rate of penetration of P into the skeletal muscle can be calcula 
from the data of the lelative P“ concentrations of the extra- and mtra 
cellular phosphate and from the concentration of morgamc phosphate in 
the muscle Resting skeletal muscle contains approximately 250 y o 
per gm The P^ concentration of the muscle phosphate 20 imnutes a 

I The specific activity of the organic labile phosphate in the experiment P 
ably somewhat lower than 60 per cent of the onginal inorganic P if corre 

phosphocreatme P breakdown kdonnofsa 

’ “ phosphate enters or leaves the cell only by formation or rea 
organic compound at the membrane” (Sacks and Altschuler, IW- ( li 
In 1943 Sacks (9) wrote, as a conclusion of his expenments, tha ino ^ 

phate enters into the intracellular inorganic phosphate only by y m 
ATP formed at the mfembrane ” 
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the mjectiou of P’- was only 1 to 2 per cent of that of the extracellular 
phosphate The P’’ concentration of plasma was identified with that of 
the extracellular, an assumption which does not hold true within the first 
5 minutes u hen the extracellular phosphate has not yet come to an equilib- 
rium with the plasma If w'e estimate the ratio between the P’’^ concentra- 
tions of the extra- and intracellulai phosphates after 20 minutes as 50 1, 
it means that only 2 per cent of the muscle phosphate or 5 7 of P have 
been rejuv enated in that time The rate of penetration of phosphate per 
gm of muscle per nunute W'ould therefore amount to approximately 0 25 7 
of P The intracellular phosphate is, however, a part of the metabolic 
wheel of the cell and in a living cell it is contmuously drawn upon and re- 
newed from the labile phosphoric esteis (phosphocreatme, adenyl pyro- 
phosphate, and to some extent hexose monophosphate) The rate of 
penetration is consequently 3 to 5 times higher than that calculated on 

Table IV 


Rejuvenation of Labile Phosphate Groups tn Skeletal Muscle (Cf Protocol 1) 
The reaults are expressed as per cent of P” concentration of inorganic P in muscle 


Amml 

Type of injection 
of 

Tune 

after 

injection 

Inorganic P 

Phosphocreatme j 

2 3 Pyrophos* 
pnate P 

Unper 

fused 

muscle 

Per 

fused 

muscle 

Unper . 
fused j 
muscle I 

Per 

fused 

muscle 

Unper 

fused 

muscle 

Per 

fused 

muscle 



min 







Bullfrog 

Intravenous 

20 


100 


10 


26 

(f 

Subcutaneous 

20 


100 


22 


20 

Rabbit 

Intrapentoneal 

30 


100 



59 

54 


Intravenous 

30 

235 

100 


61 

58 

57 

(I 

Intrapentoneal 

180 

160 

100 



94 

94 











the basis of a “dead” pool of inoiganic phosphate A late of penetration 
of approximately 1 7 of P per minute per gm of muscle would be a fair 
estimate 

The rate of lejmenation of pyrophosphate can also be calculated fioni 
the data obtained Mammalian muscle contains between 0 2 and 0 3 mg 
of pyrophosphate P per gm Appioximately half of this fraction is re- 
newed from the pool of inorgamc phosphate within 20 minutes (Tables 
IV and V) This means a rate of 5 7 of P pei minute Howeier, the 
phosphocreatme pool, which was found to have the same P^’ concentra- 
tion as that of the adenyl pyrophosphate pool, is rejuvenated through the 
latter pool The rate of rejuvenation of the pyrophosphate pool ought to 
be calculated on the basis of the combined pools of pyrophosphate and 
phosphocreatme, since the latter and adenyl pyrophosphate are m an en- 
zymatic equilibrium ( 10 ), which is rapidly attamed 
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The phosphocreatine pool amounts to between 0 56 and 0 7 mg of P per 
gm of muscle and the combmed pools amoimt therefore to 1 mg of P 
Half of this amount is rejuvenated m 20 mmutes, which means o rale oj 
rejuvenahon of 26 y of P per minute and per gm of resting rabbit muscle 
Isotope Analysis of Hexose Monophosphate Fraction in Muscle — liimtcd 
number of P^^ analyses of hexose monophosphate in muscle were made 
The isotope concentration as compared with the labile phosphate groups 
varied a great deal In some experiments the hexose monophosphate P 
had the same concentration as that of phosphocreatme and adenyl 
pyrophosphate , m other cases it was either lower or higher (c/ Table V) 


Tabie V 


Comparison of P” Concentrations in Hexose Monophosphate of Muscle and Labile 
Phosphate Groups of Adenosine Triphosphate 


Animal ^ 

1 

Temperature 

Tune after 
mjection of P*’ 

Activity per cent of inorganic P 

1 

r 

fflin 



Rabbit 

37 

15 

Hexose monophosphate 

67» 

1 



Adenosine tnphosphatef 

50 


37 

20 

Hexose monophosphate 

40 




Adenosme tnphosphatet 

60 

tt 

37 

180 

Hexose monophosphate 

220* 




Adenosme tnphosphatet 

93 

it 

37 

360 

Hexose monophosphate 

45 




Adenosme tnphosphatet 

95 

Frog 

20 

20 

Hexose monophosphate 

20 




Adenosme tnphosphatet 

66 

H 

20 

20 

Hexose monophosphate 

14 




Adenosme tnphosphatet 

55 

It 

5 

20 

Hexose monophosphate 

0 6 




Adenosme tnphosphatet 

22 


* Washed with inert phosphate 
t Labile phosphate 


The very high value of the hexose monophosphate P m the 3 hour ex 
penment is particularly remarkable, because the P“ concentration ^ 
aderably exceeds that of the mtracellular morgamc phosphate ® 
relation to the glycogen content of the muscle was not studied 
latter question, however, may be of significance m explammg these vans 


tions (see “Discussion”) k i and 

Fractional Isotope Analysts of Adenosine Triphosphate Korzy 
Parnas (11) showed that the stable phosphate in adenosme trip osp 
has a far lower isotope concentration than the txvo labile p MP ' 
which were determined together as pyrophosphate Meyerho e 
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demonstrated a very rapid rejuvenation of the pyrophosphate group in 
isolated enzyme systems In the present paper the two labile groups were 
determined separately by a stepwise enzymatic cleavage descnbed in 
Paper I (13) ’ Table VI furnishes an example of a complete isotope 
analysis of adenosine tnphosphate from restmg labbit muscle 20 minutes 
after the intravenous injection of radioactive phosphate 
Table IT shows that even in a resting muscle both labile phosphates are 
involved m the rapid breakdown and resynthesis of adenosine triphos- 
phate This IS to be expected, since skeletal muscle contains an enzyme, 
myokinase (15), which catalyzes the exchange of the second and third 
phosphate groups (16) 

Rejuvenation of the Labile Phosphate Compounds in Frog Muscle — Experi- 
ments performed on bullfrogs at a low temperature (0-5°) indicated that 

Table VI 


P'* Concenlralton SO Minutes after Injection of Radioactive Phosphate in Various 
Phosphate Groups of Adenosine Tnphosphate from Rabbit Muscle (Cf 
Protocol 1) 


PhosphaU group No 

P»» (specific activity) per cent 
of morgaaic P activity 

2,3 

67 

2, 3 After "washing” with inert phosphate 

56 

2 

61 

3 

63‘ 

1 

8 


* The slightly lower isotope concentration of the third phosphate is due to con- 
tamination with a small amount of nbose phosphate (phosphate 1) 


the exchange between the two labile groups of adenosme triphosphate is 
very mcomplete Such expenments are illustrated m Table VII 
A buUfrog was injected mtravenously with 50 microcuries of P^- The 
hind legs were kept at a temperature of 20° and perfused with Rmger’s 
solution for 20 to 30 minutes before fixmg {cf Protocol 3) 

It null be noticed that m these expenments the third phosphate group 
has a lower P’^ than the second This phenomenon has been found m a 
number of other frog expenments, but only m those cases m which the P” 
concentration of phosphocreatine was markedly lower than that of the 
pyrophosphates (Expenments 1 and 2) Mmcmg the muscle gives rise 

* Furchgott and Shorr (6, 14) have recently used a similar enzymatic cleavage 
The terminal group was split off by additions of adenosine triphosphatase from 
washed lobster muscle Direct P” measurements were only made on the second 

phosphate group and the P* ** concentration of the third calculated 
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to a marked splittmg of phosphocreatme, the phosphate of which must 
have been transferred preferentially through position 3 in the adenosme 
tnphosphate before bemg hberated 
It has already been mentioned that an analysis of frog muscle at low 
temperatures shows that the hexose monophosphate m the skeletal muscle 
had attained only a very low concentration of (cf Table V) * 

It appears as if some of the enzymes convertmg glycogen and phosphate 
to hexose monophosphate were mactive in the frog muscle at the low tem- 
perature One of these enzjnmes, the phosphoglucomutase (17) is active 
only when reduced (18) Moreover, it is known (19) that frogs kept at 
low temperature develop very little lactic acid and do not use their glyco- 
gen even when stimulated to exhaustion 


Table VII 

P’* Concenlraliona in Phoaphocrealine and Adenosme Tnphosphate from Frog Musde 

(Cf Protocol S) 

The frogs were held at a temperature of about 20° in Experiments 1, 2, and 4, m 
Experiment 3, at 6 ° 


P*» pet 

cent of inotgimc P 

activity 

Exper! 

Ezpeil 

Expen 

Expea 

ment 1 

meot 2 

meot i 


10 



22 

25 

28 

22 

20 

38 

'll 

27 

19 



26 5* 


9 

11 

9 

20 

0 6-1 


1 



Phosphocreatme P 

Adenosine tnphosphate, groups 2 and 3 
“ “ group 2 

“ “ “ 3 (terminal) 

<< tt 


* Phosphate group 2 liberated as orthophosphate by hydrolysis of the adenosine 
diphosphate with potato adenylpyrophosphatase {cf (13)) 


Rejuvenation of Phosphate in Inver — ^The rate of rejuvenation of phos 
phorus compounds m the liver has been estimated in some experiments y 
Lundsgaard (20) Analyses of the P“ concentrations of the inorganic 
phosphate in plasma and liver and of the acid-labile phosphonc esters in 
the liver were made as early as 30 minutes after the mjection of radioac ne 
phosphate The two outstandmg features of Lundsgaard’s studies "sr® 
(1) the rapid penetration of phosphate into the Uver cells, (2) t 
rate of rejuvenation of the acid-labile phosphonc esters (includmg a e 
pyrophosphate) 

* The hexose monophosphate was purified and identified by aldose 1,03 

Moreover, the muscle contained lactic acid, which in view of the lack 0 iso 
phate in the hexose phosphate could not have been formed from g ^ )j 5 X 05 e 

game phosphate, but must have been formed directly at the expense 
monophosphate, the latter was actually found to be lower than norma 
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The relative P’* concentrations 30 minutes after the mjection of the radio- 
active phosphate were 100 for plasma P, 41 for liver inorganic P, and 32 
for liver acid-labile P This means that the acid-labile P 30 mmutes after 
the injection has 75 per cent of the P“ concentration of the morgamc phos- 
phate in the liver This is probably a minimum value, since the fraction 
called liver inorganic P includes some extracellular phosphate of higher 
radioactivity The correction for extracellular phosphate in hver is small, 
however, because of the rapid penetration of phosphate mto the hver cells 
The present studies of phosphate turnover in liver show that adenyl 
pyrophosphate is rejuvenated extremely rapidly Rabbits were mjected 
mtravenously with 1000 to 1500 microcunes of P“ and after 5 minutes a 
few ml of blood were collected and the liver removed, chilled, perfused 
with cold Rmger’s solution, mmced m the blender, and fixed with acid 

Table VIII 

P** ConceniTationa of Phosphate Fracttons from Rabbit Liver 
Rabbit hver, perfused with cold Ringer’s solution 5 minutes after intravenous in- 
jection of radioactive phosphate (see Protocol 3) 



1 

p)* per cent of morgamc 



P activity 



Experiment 1 

Experiment 2 

Serum, inorganic P 

270 

1200 

Liver, perfused 

luorgamc P (small sample) 1 

100 

lOO 

it ti 

Pyrophosphate P (small sample) 

70 


ti u 

ATP, ADP, pure compounds 

83 

82 

tt it 

3rd phosphate group ol ATP 


80 


(see Protocol 4) Aderune nucleotides were isolated m the usual way, the 
material obtamed was mainly adenosme diphosphate 
Isotope analyses showed that ivithin 5 mmutes after the injection of 
P’^ the pyrophosphate of the ademne nucleotide had reached almost the 
same P^- concentration as the mtracellular morgamc phosphate (Table 
VIII) The rapid saturation of the liver pyrophosphate with P“- is, to 
some extent at least, attnbutable to the absence of a phosphocreatme pool 
and to the much smaller pool of pyrophosphate m liver compared with 
muscle The actual rate of rejuvenation of pyrophosphate P amounts to 
15 to 20 7 per minute per gm of hver This is, however, a minimum esti- 
mate, smce the P^^ concentration of the pyrophosphate was as high as 80 
per cent of that of the mti acellular morgamc phosphate 

DISCUSSION 

It appears from the present studies that the mtracellular morgamc 
phosphate of skeletal muscle is a fraction which is particularly difficult to 
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separate from other fractions well enough to obtam reliable values for the 
concentration It was emphasized in the introduction that the pres 
ence of a pool of extracellular phosphate havmg a P’- concentration many 
times higher than that of the intracellular morgamc phosphate makes it 
urgently necessary either to remove the extracellular phosphate by per- 
fusion or to try to calculate how much of the morgamc P^^ is extracellular 
and how much is mtracellular before any conclusions can be draivn If 
the concentration as well as the specific radioactivity (P“ concentration) 
of phosphate in plasma is known, and the extracellular space in the muscle 
either determmed or an average value, for instance 12 per cent, is used, 
IS possible from the specific radioactivity of the combined extra- and m 
'Cellular phosphate to calculate the specific radioactivity of the mtra 
cellular phosphate 

Sacks in his pubhcation of 1940 (2) does not give values for the phosphate 
concentration m serum nor for the P*^ concentration m that fraction It 
IS therefore not possible to know how large a part of the P“ m the total 
morgamc phosphate belongs to the extracellular and how large a part to 
the intracellular phosphate The studies reported by Sacks and Altschuler 
m 1942 as well as that reported by BoUman and Flock (3) furmsh sufficient 
data to permit a calculation of the P®* concentration of the mtracellular 
phosphate, Sacks and Altschuler calculated that the P®* concentration of 
plasma was 30 to 50 times higher than that of the total morgamc phos 
phate m muscle The phosphate concentration m plasma was not stated 
The results of Bollman and Flock’s studies (3), so similar to those of 
Sacks m 1940, may be interpreted in a similar manner Rats weighing 
around 250 gm were mjected with isotopic phosphate contammg as much 
as 1 5 to 7 5 mg of P and the plasma phosphate must therefore have been 
raised considerably 

The relation between the phosphate m the whole muscle and m the 
muscle fibers can be expressed by the equation, mg of P of total inorganio 
P X P’^ concentration of total morgamc P = mg of extracellular P X P” 
concentration of plasma morgamc P + mg of mtracellular P X P“ 
centration of intracellular morgamc P® 

Let the P“ concentration m the whole muscle be 100 and let the P“ 
concentration m plasma and extracellular space be 10-fold that of the 
muscle (t e , 1000) The extracellular space is considered to be 10 per cent, 
which IS a minimum estimate Inorgamc phosphate m resting muscle, 
mcluding the extracellular space, does not usually exceed 25 mg per cent, 
the latter value corresponds to 27 mg per cent of phosphate m the muscle 
fibers (mtracellular phosphate) If the plasma phosphate is raised from 
5 to 25 mg per cent, the phosphate in the total muscle (intra- and extra 

‘ At the end of the expenment (cf Hevesy and Hahn (21)) 
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cellular phosphate) would be 27 mg per cent Smce the extracellular 
space was assumed to be approximately 10 per cent of the muscle and the 
concentration m the extracellular fluid was considered to be 10 tunes 
that of the combmed morgamc phosphate of the muscle (t e , 1000 per cent), 
we have 27 X 100 = 25 X 1000 X010 + 27 XXX09 or 2700 = 2500 + 
27 0 X X X = 200/27 = 7 4, therefore, the in the muscle fiber is 
only approximately 7 per cent of that m the directly estimated phosphate 
Smce Bollman and Flock in 1943 as well as Sacks in 1940 found the phos- 
phocreatine P and pyrophosphate P to have isotope concentrations be- 
tween 7 and 20 per cent of that of the directly detemuned morgamc phos- 
phate, it means that the phosphoric esters probably already had acquired 
approximately the same isotopic concentration as the phosphate It is 
therefore not surpnsmg that all mvestigators have, so far, been unable to 
find a further mcrease in the isotope concentration of pyrophosphate m 
the contractmg muscle The experimental basis for Sacks’ statement (2) 
that “ the results show that adenosme triphosphate does not act as 
phosphate transporter m the formation of lactic acid ” is veiy doubtful 

Later, Sacks changed his views concermng the relation between the P“ 
concentration of the morgamc phosphate and the labile orgamc phosphate 
In the pubhcation of 1942 (4) Sacks and Altschuler report (without any 
reference to the claims made m the paper of 1940) that the mtracellular 
morgamc phosphate has an even lower concentration than phospho- 
creatme and adenyl pyrophosphate They found the plasma phosphate 
to have a P” concentration 300 to 400 tunes that of the mtracellular phos- 
phate, the latter bemg calculated presumably accordmg to the equations 
used m the present paper 

Sacks and Altschuler not only emphasized that after 30 mmutes the 
phosphocreatme P and pyrophosphate m the restmg muscle have the same 
isotope concentration as the morgamc phosphate m the muscle cell, but 
that the latter occasionally has a lower P“ concentration than the former 
However, the few mstances m which there was found a higher P“ concen- 
tration m phosphocreatme P than m morgamc phosphate show only a small 
difference (except m heart muscle) and, smce the P” concentration m the 
morgamc phosphate was based on calculations, it is doubtful whether such 
a small difference permits far reachmg conclusions Sacks and Altschuler 
draw the followmg conclusions concermng the phosphate turnover m rest- 
mg and contractmg muscle (after havmg stressed m the same paper that 
the P“ concentration of pyrophosphate and phosphocreatme is equal to 
or even higher than that of the morgamc phosphate (4)) “The present 
data mdicate that if the phosphorylatmg glycolysis plays any part m the 
metabolism of muscle, it should be related to the restmg metabolism, and 
not to activity metabolism ’’ It should be clear, however, that the paper 
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does not furnish any data whatsoevei which w ould permit statements about 
the activity metabolism 

The mequahties in P’- concentration of phosphocieatine P and of pyro 
phosphate reported by Sacks, though they were not observed m any of the 
rabbit expenments in the present paper, are of interest, however In 
Sacks’ expenments the hexose monophosphate function shows the same 
variations m P^- concentration as aie descnbed in Table V m this paper 
Sacks found high P“ values in this fraction 2 hours aftei the injection of 
radioactive phosphate, particularly when the lattei contained laige amounts 
of ordmary phosphate It is leasonable to assume that the P^ concen 
tration of the hexose monophosphate fraction is related to the amount of 
glycogen broken doivn From the studies of Coii (17) ive know that haxose 

monophosphate can be foimed directly from glycogen and phosphate 
The hexose monophosphate foimed in this way can be expected to liave 
a higher P“ concentration than that formed from phosphoiylatioii of 
glucose by adenyl pyrophosphate It is not excluded that the uptake of 
phosphate m the polysaccharide molecule (phosphorolysis) is a process of 
significance for the passage of phosphate fiom the outside in the muscle cell 
Such a mechanism has recently been discussed by Hotchkiss (22) in connee 
tion with the uptake of phosphate in microorganisms A phosphorolysis ui 
the cell wall would explam the occurrence of higher P^* concentration m 
the hexose monophosphate fraction than in the mtracellular inorganic phos 
phate (c/ Table V) Sacks’ claim that morganic phosphate enters into 
the mtracellular inorganic phosphate only by hydrolysis of phosphocrea 
tme or adenosme tnphosphate seems to be without sufficient experimental 
basis 

The markedly lower P^^ concentration in the terminal phosphate o 
adenosme tnphosphate from frog muscle as compared wuth the secon 
group IS a phenomenon which is difficult to interpret The lesults mig 
be explamed by assuming that in frog muscle the second phosphate group 
of adenosme tnphosphate is rejuvenated mainly by inorganic phosp « 
(via the lactate cycle), while the terminal phosphate group is rejuvcna 
mainly by phosphocreatine Another possibility is that both labile groups 
are equally rejuvenated from inorganic phosphate (via the lactate eye 
but that in frog muscle only the termmal group is being rejuvena e ^r 
phosphocreatme Mmcing the muscle gives nse to a large sea ® ^ 
ysis of phosphocreatme by way of the tennmal group m a 
phosphate, the latter is then dephosphorylated by adenosme 
phatase This would give nse to a “washmg out” of the ong^ e 
phosphate (havmg the same concentration as the secon gro 
phosphate of somewhat lower isotope concentration from t e arge ^ 
phocreatme pool A third possibdity is that morganic pyrop 
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formed by phosphorylation of morganic phosphate, and this fraction which 
would be mcluded in the fraction of labile phosphate called group 2 would 
naturally have considerably higher P^- concentration than the organic labile 
phosphate Con and Ochoa (23) have recently discovered formation of 
morgamc pyrophosphate in hver, and Ferdmann and Feinschmidt (24) 
found that morgamc pyrophosphate is formed during muscular w ork and 
m the muscles of hibernating animals (25) Although the possibility of 
P3Tophosphate formation ought to be kept m mmd, it is held unlikely m 
the present case for the following reason If morgamc pyrophosphate w ere 
formed, it would be found m the adenosme diphosphate fraction and the 
ratio of labile to total P as well as the N P ratio should be greatlj changed 
This IS not the case, however From Paper I (13) it will be seen that 
labile to total P as well as the N P ratio agrees ivith that of adenosme 
diphosphate 

The importance of mvestigatmg the phosphate fractions as early as 
possible after the injection of radioactive phosphate is well illustrated m 
the hver eyperiments 5 minutes after the mjection the pyrophosphate 
group m the adenosme tnphosphate has attamed 80 per cent of the P®^ 
concentration of the intracellular morgamc phosphate 

Marshak’s mvestigations (26) of the phosphorus turnover m nucleic 
acids furmsh another example of the importance of using brief mcubation 
time m case data on the rate of rejuvenation of phosphate compounds 
are wanted 


EXPERIMENTAL 

Technique — The muscle tissue was deproteimzed wnth 2 5 per cent HgCU 
in 0 5 N HCl The isolation of the ademne nucleotides and of he\ose mono- 
phosphates has been described m Paper I (13) 

Inorgamc phosphate and phosphocreatme were always obtamed from 
a small sample (1 to 5 gm ) of muscle tissue, which was fixed instantaneously 
in chilled trichloroacetic acid Ammomum-magnesium maxture was added 
to the filtrate and morganic phosphate was precipitated The filtiate 
was acidified and ammonium molvbdate was added m order to hydrolyze 
the phosphocreatme The phosphocreatme phosphate was precipitated as 
ammomum magnesium phosphate and m some cases the supernatant fluid 
from the second precipitate was agam made acid and pyrophosphate P 
hydrolyzed by 10 mmutes boilmg m acid The liberated orthophosphate 
was precipitated as ammomum magnesium phosphate and the three pre- 
cipitates were analyzed for isotopic phosphate 
In order to distmguish between orgamc estenfied radioactii e phosphate 
and impurities of strongly radioactive morgamc phosphate, the phosphonc 
ester to be mvestigated was subjected to a so called “washmg” with ordi- 
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nary inert orthophosphate An amount of non-isotopic phosphate con- 
taining 2 to 3 times as much P as that of the phosphonc ester fraction iras 
added and the phosphate then precipitated by addition of ammomum- 
magnesmm mixture If the concentration decreased, it means that a 
part of the radioactivity of this fraction had been due to morgamc phos 
phates 

Determination of Radioactive Phosphate — Eadioactive phosphate was 
determmed m a Geiger-MuUer counter A 3 ml sample was pipetted into 
a glass vessel which could be lifted up around a Bale immersion tube (27} 
The “background” was determmed before and after each senes and \aned 
between 2 and 4 counts per minute The amount of radioactive material 
was so chosen that net counts of between 10 and 100 per minute were ob- 
tamed The samples to be compared were either determmed on the same 
day or the values obtamed w ere corrected for the decay of The counts 

were always expressed as a percentage of the simultaneous P“ count m the 


morgamc phosphate of the muscle tissue 
Protocol 1 — A rabbit weighmg 4 5 kilos was anesthetized with 200 mg of 
nembutal intravenously A few minutes later 200 microcunes of radio- 
active sodium phosphate (0 6 mg of P m 3 ml , pH 7) were administered 
mtravenously 15 to 20 minutes after the mjeotion of radioacbve phos- 
phate, one cannula was tied in the aorta and another m the inferior lena 
cava, the femoral artery and vem of one leg were hgateo and the leg re- 


moved and chilled m ice The other leg was perfused with chilled mam- 
malian Ringer’s solution (phosphate-free) and the perfumon fluid from the 
leg was collected through the cannula m the vena cava When 1 to 1 5 
Uters of fluid had passed through the leg, the perfusion was stopped and 
small samples of muscle tissue were obtamed from the perfused as well as 
from the unperfused muscle The mam part of the muscles was then 
ground m a chilled meat grmder and deprotemized as descnbed above 
Protocol 2 — A rabbit weighmg 3 kilos w as injected mtrapentoneally wit 
radioactive sodium phosphate containmg 500 microcunes After 180 
imnutes the animal was anesthetized with nembutal A blood sample wm 
taken from the carotid artery and the animal was bled to death ® 
skeletal muscles were mvestigated accordmg to the descnpbon ^ 
Protocols — ^A bullfrog weighmg 250 gm was anesthetized with uret ^ 
solution and then injected mtravenously (vem m the abdommal wall) wi 
radioactn e phosphate (50 imcrocunes m 1 ml contammg 3 5 ° 

15 minutes after the phosphate mjection a blood sample was collect ro 
the aorta, the circulation was stopped, a glass cannula placed m * ' 

and the hind legs were perfused for about 10 mmutes with 1 to o 
of chilled (0°) frog Rmger’s solution The adductor *°^hloro- 

legs were frozen in dry ice, weighed, and extracted with chul 
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acetic acid for determination of inoigamc phosphate The mam part of the 
muscles was extracted with mercunc chloride (5 per cent) m 0 6 n hydro- 
chloric acid, and the adenosine tnphosphate was isolated The serum 
contained 27 mg per cent of P (the greatly increased value being due to the 
injection of 3 5 mg of P into the slowly circulating blood) The perfused 
muscle contained 16 mg per cent of morgamc P 

Protocol 4 uell fed rabbit weighing 2 5 kilos was anesthetized with 
nembutal and then 500 microcunes of ladioactive phosphate were injected 
into the jugular vein A blood sample was collected from a mesenteric 
vein and 5 minutes after the injection of radioactive phosphate the hver 
was removed, chilled, and perfused with 1 liter of ice-cold Ringer’s solution 
1 gm of hver was extracted with trichloroacetic acid, the protein filtrate 
was neutralized with ammoma, and the morgamc phosphate was pre- 
cipitated with magnesia mixture The mam part of the liver was mmced 
and extracted with tnchloroacetic acid and the protem-free filtrate then 
neutrahzed wuth banum hydroxide to pH 8 5 Adenyl pyrophosphate was 
isolated m the usual manner from the banum precipitate 

SUMMARY 

The uptake of phosphate m muscle and the rate of rejuvenation of the 
labile phosphate groups have been studied by means of radioactive phos- 
phate It has been shown that m order to study the uptake and rejuvena- 
tion of phosphate m muscle it is necessary to remove the highly radioactive 
extracellular phosphate by perfusion 

The concentration m the pyrophosphate group of adenosme tn- 
phosphate and m the phosphocreatme is more than half that of the intra- 
cellular morgamc phosphate 20 minutes after the mjection of the The 
rate of penetration of phosphate m muscle was estimated to be approxi- 
mately 1 7 of P per minute per gm of muscle The rate of reju\ ena- 
tion of the labile phosphate groups was estimated to be 20 to 30 7 of P 
per minute per gm of muscle 

The P“ concentration of the tw'o labile phosphate groups m adenosme 
tnphosphate has been determmed separately by means of hexokinase w hich 
transfers only the terminal phosphate to glucose In rabbit muscle the 
P^ concentration of the two labile phosphate groups was the same How - 
ever, m frog muscle at low temperature marked differences m the P^^ con- 
centration of the two labile phosphate groups m adenosme tnphosphate 
occur The terminal phosphate group attamed usually the same P’ con- 
centration as that of phosphocreatme, whereas the second group had a 
considerably higher P^^ concentration The reasons for this phenomenon 
have been discussed 

The rate of rejuvenation of labile phosphate m adenyl pyrophosphate m 
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liver IS also very high 5 minutes after injection of the labile phosphate 
in adenyl pyrophosphate has attained a concentration 80 per cent of that 
of the mtracellular inorganic phosphate The late of rejuvenation was 
calculated to be about 15 7 of P per gm of liver per minute 

The turnover of phosphate in vtvo in \ anous tissues was found to be much 
higher than that reported by a number of other authors There are two 
mam reasons for this disagreement The first is that a number of imesti 
gators have failed to take into account the extracellular phosphate which 
must be separated from the intracellular phosphate The P“ concentration 
of the organic phosphate has to be compared ivith the true mtracellular 
morgamc phosphate 

The other reason is that until recently most mvestigators have been 
using by far too long an incubation time, fiom 1 to several hours, thus m 
vestigatmg the phosphate fractions a long time after they have reached the 
same P“ concentration as that of the mtracellular morgamc phosphate 
In the present paper the liver tissue was fixed 6 to 7 mmutes after the in 
jection of P’^ m the ammal and the labile phosphate of adenyl pyrophos- 
phate had already attamed a P“ concentration which was very near that 
of the mtracellular inorganic phosphate 
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THE ACONITE ALKALOIDS 


XV THE NATURE OF THE RING SYSTEM AND CHARACTER OF THE 
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It has been fairly defimtely established that acomne and delphonine, the 
alkamines of aconitine and delphinine, respectively, possess the formula- 
tions C26IL1O8N and C24H39O7N The oxygen atoms are contamed m 
hydroxyl and methoxyl groups and, since no unsaturation has been detected 
by hydrogenation studies, it has been concluded that these bases and others 
of the series, such as mesacomne, hypaconme, etc , are denved from a 
hexacychc system which contains an alkylated mtrogen atom The second 
group of alkaloids, such as atisme, staphisme, and kobusme, of much lower 
toxicity, which may predominate or accompany the above alkaloids in the 
original plant, has naturally been suspected to be structurally related to the 
first group In the case of the second group of bases, the formulations 
have been determmed only m certain instances with a fair degree of as- 
suitnce As a rule, they have been found from hydrogenation studies to 
be unsaturated, but m the case of heteratisme, which contains a lactone 
group, no unsaturation could be detected by this means However, it is 
now well known that the failure to hydrogenate does not exclude the pres- 
ence of resistant double bonds or other points of unsaturation Since 
such information is so essential to the whole problem of the structure of 
these bases, we have sought to supplement the hydrogenation results by 
ultraviolet absorption spectra studies This has yielded very interesting 
results 

The alkammes mcluded in this study were acomne and delphonme, 
atisme, dihydroatisine, tetrahydroatisine, isoatisine, and heteratisme In 
addition there were studied delphomne inethochlonde, its free quaternary 
base, the N-methyl-des base, and finally pyrodelphonme and a-oxodel- 
phonme With the exception of the delphomne derivatives, these sub- 
stances have been described in previous publications ( 1 ) Since atisme and 
aconme were not crystallme, the bases were liberated from the crystallme 
hydrochlorides for the absorption study Thus fai , all attempts to prepare 
delphonme or its hydrochloride in crystalhne form have been unsuccessful 
However, a study of the sapomfication rates of delphimne has shown that 
the acetic and benzoic ester groups are very rapidly hydrolyzed when the 

293 



294 


\COMTE ALKALOIDS XV 


alkaloid is heated with a shght e\cess of very dilute sodium hjdrovide 
It is probable that they are attached to either primary or secondary hy 
droxyl groups The resulting delphomne could be distilled readily in a 
molecular still heated at 140° The distillate appeared to have some of 
the charactenstics of a crystalline substance and melted rather sharply at 
76-78° But all attempts to ciystallize the base from a solvent or to ob- 
tam a crystalline salt were unsuccessful The product so obtained was 
optically active and gave analytical data in agreement mth the formula- 
tion C 24 H 39 O 7 N This preparation was used for the studies leported below 

Pyrodelphonine and a-oxodelphomne, also amorphous, were prepared m 
a similar manner by saponification of pyrodelphimne and a oxodelphinme 
(2), respectively Delphomne metlwchlonde and its hydroxide were obtamed 
in the usual way from the crude methtodide, which was formed by treatment 
of delphomne ivith excess methyl iodide The N-niethyl-des base, which 
was also not crystalline, was obtamed by distilling the quaternary hydroxide 
m a molecular still 

The ultraviolet absorption spectrum curves obtained* with these sub 
stances were determmed with a Beckman quartz spectrophotometer 
These curves are presented in Figs 1 to 7 

Acomne, delphomne, heteratisme, and also tetrahydroatisme in solution 
as bases all show a strong absorption mthin the lange of 2200 to 2600 
A, although it is of the uneventful type with no appaient maxima 
or minima This is m the region of the spectrum w'heie conj igated double 
bonds are known to absorb (3), but a maximum is usually to be expected 


wnth such conjugation However, if a nitiogen is involved m someway 
wnth the double bonds, a somewhat different picture may be presented 
This IS shmvn by the absorption spectrum of pyrrole, which has the same 
type of absorption m the region we have investigated, but which also shows 
a maximum at shorter wave-lengths (4) Because of the limitations of 
our procedure and apparatus, w'e did not obtain data at such short wave 


lengths But, even if maxima were present in this region in a more com- 
plicated molecule which contains many hydroxyl groups, they could be 
overshadowed by absorption from such groups In our apparatus, IN- 
methyl pyrrole has given the type of absorption shown in Fig 2 Since a 
of the oxygen atoms of these alkammes are present in hydroxyl or methoxy 
groups, and the mtrogen atom is tertiary apparently wnth an alkyl group 
attached, it appears probable that the absorption must be due to a con 


1 In the preliminary stages of this work, a number of absorption spectra 
were kindly furmshed us by Dr G I Lavin, and determined n ith a ^pek 
photometer and a small Hilger quartz spectrograph The curve of di y roa 1 
given in Fig 6 was one of these 
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jugated unsatuiation of some kmd - However, all attempts to detect 
double bonds m these substances by hydrogenation have failed Ex- 
perience (3) has shown that a single isolated double bond is not suflScient 
to cause the amount and type of absoiption m the region which has been 
found If this behavior is correctly mterpreted, it appears that two of the 
assumed six rings of these alkaloids (aconine and delphomne) may be ac- 
counted foi by unsaturation of some type which is difficult to detect by 



''(A) iUA) 

Fra 1 Fia 2 


1 + = delphomne in dilute NaOH, X, in dilute HCl O = acomne in dilute 
NaOH. •, in dilute HCl 

Fia 2 • = N methylpyrrolc m ethanol d- = tetrahydroatisine in ethanol 
O = heteratisiue in ethanol, X, in ethanol containing HCl 

hydiogenation, but which functions as a chiomophoiically active system 
This would imply tliat the ring structure of the aconite alkaloids, at least in 
the form of free bases, could be of tetiacyclic chaiacter 

In a previous paper (6) of the senes, the possibility of a relationship 
between the simpler acomte alkaloids and the diterpenes has been sug- 
gested If this possibility should prove to be correct, then the acomte 
alkaloids could be built up from the three nngs present in the diterpenes by 

* The recent experience of Ixlotz (5) uitli a cyclopropane ring conjugated to a 
double bond suggests that such an arrangement is a possibility which cannot be 
excluded in this problem 
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addition of a fourth heterocychc nng which contains the tertiary nitrogen 
While such a view has many attractive possibilities from the standpomt of 
structure, it must be regarded, at the moment, as only a tentative, working 
hypothesis 

The correct derivation and interpretation of the formulations of the 
acomte bases as a class now become of greater importance On the basis 
of available data, it has been assumed heretofore that the alkamines of the 
more complicated aconitine alkaloids contain 19 carbon atoms (7) exclusne 
of those contamed m methoxyl groups and the alkyl group attached to the 
mtrogen Howevei, in this respect a number of the simpler bases, vii 
heteratisme (1), hetisine, and kobusme (8), appear to contam 20 carbon 
atoms, while others, such as atisme, napellme, and staphisme, appear to 
contain 21 carbon atoms unless the N-alkyl group should prove to be ethyl 
instead of the assumed methyl group Formulations containing 20 carbon 
atoms would fit m with the postulated relationship to the diterpenes 
Even if it should be confiimed that aconme, delphonme, and the like are 
denvatives of a mtrogen-containmg hydrocarbon of 19 carbon atoms, this 
could be evplamed through loss of one of the diterpene methyl groups 
The denved formulations of some of these alkaloids are still open to question, 
especially in the case of staphisme and napellme, and perhaps atisme 
All must now be cntically reexamined and the exact nature of the N-alkyl 
group assumed to be methyl must be determmed Such work is in progress 


m this laboratory 

In order to make the absorption spectrum studies con .plete, we have 
determmed the absorption of the alkaloids in acid as well as m basic solu 
tion,’ and striking changes have been noted It was found that those 
alkaimnes, viz aconme, delphomne, heteratisme, and tetrahydroatisme, 
which as free bases appeared to possess two conjugated double bonds or 
points of unsaturation, all show ed as salts a marked shift in the position 
and intensity of the absorption The hydrochlorides of these bases now 
absorbed m a manner which could be ascnbed possibly to a single double 


bond as modified by the presence of the nitrogen and the hydroxyl groups 
present Irrespective of such interpretation, an exarmnation of Figs 1 
and 2 will show the stnkmg shift m the absorption, due to the presence o 
excess acid In the case of tetrahydroatisme, the absorption was so ‘ 
ened that it could not be measured as the salt m excess hydrochlonc aci 


It therefore would seem that the double bonds or points of unsaturation m 


* It was found by expenence that anr appreciable excess of HCl above ® 
quired to form the salt had little effect on the absorption of the salt Likewise, 
in excess of that required to liberate the base had little effect on the a 

the base For convenience, therefore, the exact amount of excess acid or _ 

not recorded Final concentrations of acid or alkali were never greater an 
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these bases are adjacent or connected m some way to the mtrogen atom 
It has already been shown in the case of kobusme that double bonds 
are associated wth its mtrogen atom (8) N-Methylpyrrole (Fig 2) did 
not show an appreciable shift in acid solution 
In connection mth these observations, it was of interest to determme 
the dissociation cbnstants of several of these bases, since it is well known 
(9) that the provunity of a double bond to a basic niti ogen can reduce the 
strength of the base The pH at 24° of solutions of delphomne partially 
neutralized with HCl was determmed by use of the glass electrode ■* In 
Fig 3, the relationship of pH to the degree of neutralization is shown At 
the half neutral pomt, the pH proved to be 10 02, which shows delphomne, 
in spite of its unsaturation, to be a surprisingly strong base and of the same 
order of strength as trimethyl- or tnethylamme (10), which at the half 



Fio 3 Titration of delphomne 


neutral pomt have given pH values of 9 76 and 10 70, respectively This 
nught be explained by the assumption that in aqueous solution the alkaloid 
exists as an eqmlibnum mixture in which a small percentage is present with 
the mtrogen in a quaternary foim 

Adams and Mahan (11) have recently studied a senes of tertiary \unyl 
cyclic ammes and found them to be unexpectedly strong bases, of about the 
order we have now observed ivith delphomne They explamed the unex- 
pected strength by the theory that the bases exist in solution as an equi- 
librium mixture, consisting of the tertiary unsaturated base and a quater- 
iiary rearrangement product m which the double bond has migrated to the 
nitrogen This appears to be a logical explanation of the behaxior which 
they encountered inth their bases, and it would offer a good explanation foi 

‘ We are indebted to Dr Alexandre Rothen, of The Rockefeller Institute for 
edical Research, for making these measurements for us 
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the behavior we have found with delphomne, as far as its basic strength is 
concerned 

Whether or not such a theory would adequately explain the change of 
absorption spectrum with pH, which has been observed with our bases, is 
not at present entirely clear The marked reduction of the ultraviolet ab 
sorption in acid solution might be due to the migration of one of the double 
bonds to an unconjugated position, to the disappearance of a point of iin 
saturation through ring formation, or to some other unexplained rearrange- 
ment Marked shift of absorption spectrum mth change of pH is not 
uncommon with unsaturated mtrogen heterocycles, m which seieral 
resonating forma are possible, and has been observed with pynmidiaes 
(12), aniline (13), vitamin Bs (14), and others, although these systems are 
more or less aromatic m cbamcter 

The dissociation constant of acomne was found to be shghtly less striking 
(pH = 9 52 at the half neutral pomt), but still much lugher than uouid be 
expected if double bonds are associated with the nitrogen The shiftof 
the absorption spectrum mth change of pH was entirely analogous (Fig 1) 
to that found for delphomne 

The behavior of a-oxodelphoiune has a deftmte bearing on the observ-i 
tions thus far descubed a-Oxodelphonine differs from delphomne (at 
least in part) by having 2 hydrogens presumably on a co'bon atom adjacent 
to the nitrogen replaced by an oxygen, and is thus a cy he amide, since it 
exhibits no marked basic properties It shows an absorption spectrum 
which 13 similar to that of delphomne in alkaline solution (Fig 4) ^ 

though the absorption is somewhat more intense in the shoitei \uie 
lengths, it is somewhat less m the longer wave-lengths It is suggested 
by the type of curve shown that the CO group in the amide linkage isnot 
conjugated to the two other conjugated points of unsaturation ^^o ap- 
preciable shift was observed when the solution was made acid wth HCl 

The effect on the ultraviolet absorption of the methylation of the mtr^ 
gen of delphomne has also been studied Although delphomne methiodi e 
could not be crystallized, it was converted to the quatemaiy base by re 
moval of lodme with excess silvei oxide After remo\aI of solvent, ^ 
base was duectly used for the absorption spectrum study shown in 'S 
The quantitative aspects of 'these cmves are somewhat less reliable 
of manipulative difficulties with the substance, but the general 
appears to be clear cut There was a much smaller shift in the a sorp i^^ 
spectrum over most of the range when tlie solution was made aen , ni 
result seemed to be somewhat clouded by another type of efiuilibrium w i^^ 
caused absorption in the longer wave-lengths A pale yellow co I”" 
piesent in airline solution, which disappeared on acidification 
peared on addition of alkali The solutions appeared to e co 
tively stable 
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When the quaternary base ^\aa distilled in a molecular still, a distillate 
Mas obtained ui good yield Mhich, like delphonme, could not be crystallized, 



Fig 4 O = oxodelphomneinH.O, X, in dilute HCl • = N methyl dee delph 
omne in H,0, +, in dilute HCl 



Fig 5 O — delphomne methochlonde in dilute HCl , • , in dilute NaOH 

but which gave good analytical data for the N-methyl-des base Such a 
ase should normally possess a double bond m addition to those present 
m delphonme The absorption spectrum observed (Fig 4), as well as 
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the analytical data, strongly indicates the presence of such an additional 
double bond, since the absorption was shifted greatly toward the longer 
wave-lengths The striking obsen ation uas now made that only an uiap- 
preciable shift of the absorption appeared on acidification 
All attempts to carry the Hoffmann degradation beyond this point, in 
order to elunmate the mtrogen, have been unsuccessful The nitrogen 
must, therefore, be either so closely associated with double bonds or so 
highly hmdered as to mterfere with such degradation 
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Fig 6 0 = pyrodelphomne inHiO, X, in dilute HCt • = dihydroataineia 
ethanol, -f, in ethanol with HCI added 


Pyrodelphomne, obtained by sapomfication of pyrodelphmine, difien 
from delphomne empirically by a molecule of water The absorption spec 
trum of tins base (Fig 6) suggests that the difference m structure conm 
m the presence in the p 3 TO compound of a new double bond nni 
conjugated m some way with those already present m delphonme 
as m the case of N-methyl-des-delpbonme, the absorption is , 
greatly toward the longer wave-lengths However, this absorptiM ^ 
not coincide with that of the latter compoimd, and a large shift is o 
on acidification The arrangement of the double bonds, therefore, 
appear to be different than m the case of the N-methyl-des ase 
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absorption in acid solution is now quite similar to that observed for delpho- 
nme m alkaline solution, an observation not unexpected if acidification 
relieves one of the double bonds of the abihty to contnbute to the absorp- 
tion at the wave-lengths under consideration In the latter case, two 
conjugated double bonds could stdl remain Pyrodelphomne was found 
to be a considerably weaker base (pH = 8 21 at the half neutral point) 
than delphomne 

The absorption curves of atisme, isoatisme, and dihydroatisme (Figs 6 
and 7) all resemble each other in general form, although there appears 
to be no maximum or minimum All three contain double bonds which 



mA) 


Fiq 7 O “ atisine hydrochlonde in ethanol , • , in ethanol with excess NaOH 
added + =» isoatisine hydrochlonde in ethanol, X, in ethanol with excess NaOH 
added 

can be recogmzed by hydrogenation AH three show a certain shift upon 
acidification The shift of the curve for dihydroatisme is m the same direc- 
tion noted m the case of delphomne, but the hydrochlonde still strongly 
absorbs Atisme and isoatisme show stronger absorption as the salt m 
acid solution than as the free base in alkalme solution 
Heteratisme gives a similar type of absorption (Fig 2) It also shows 
a similar shift upon acidification 

The studies descnbed above are not m themselves sufficient to denve 
a special type of structure, but they appear to limit the possibihties which 
®aay be considered m the denvation of the structures of these alkaloids. 
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especially if the assumptioa of a relationship to the diterpenes should prove 
to be correct Although such a relationship is indicated only by the evi 
dence obtained vvith the atisine type of base, it may be inferred also m the 
case of the acomne type of bases The resemblance m structure between 
the two types already probable, smce they occur together m the same 
plants, appears now strengthened by the mdication that the configuration 
mvolvmg the mtrogen must be s imil ar in order to show the unique absorp 
tion spectrum behavior given above 
The data which have accumulated might serve as a basis for further 
speculation regardmg the structure of this little imderstood group of 
alkaloids If the relationship to the diterpenes (6) should prove to be cor 
rect, only certam structures would be possible within the limitations im 
posed by the empincal formulas and the data given above One of these 
possibilities IS presented, merely as an example, m Formula I The posi 
tions of the mtrogen and of the heterocyclic nng have been arbitrarily 



chosen The hypothesis that they involve the isopropyl side cham vould 
afford sufficient flexibihty m structure to explain the data presented m 
this paper 


EXPEMMENTAL 

Delphomm — 2 gm of crystallme delphmme were dissolved m 20 cc of 
hot ethanol, and 10 cc of 1 056 n NaOH were added The solution ivM 
heated for 5 mmutes on the steam bath The ethanol was then quic y 
removed under reduced pressure, and the alkamme was extracted ® 
alkaline solution with ether The concentrated extract was distille w 
a molecular still Approximately 1 gm of material distilled in abou ao 
hour at an oil bath temperature of 140°, and with the pressure varyw 
from 0 001 to 0 0001 mm The distillate formed a brittle, possibly 
crystallme resm, with a rather sharp meltmg pomt of 76-78 aou 
not be mduced to crystallize from any solvent 
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[a]" = +37 S- (o = 3 2in ethyl alcohol) 

Cs,H„ 07 N Calculated C 63 53, H 8 67, OCH, 27 35, (N)CH, 3 31 

Found “ 63 44, “ 8 37, “ 27 60, “ 3 34 

Pyrodelphonme — 2 gm of pyrodelphimne (2) were hydrolyzed as given 
abov e for delphinine Although the substance was rather spanngly soluble 
in the hot ethanol, solution rapidly occurred on addition of the alkali 
0 73 gm of material distilled in the molecular still in a little over an hour 
under conditions similar to those of the previous case The distillate 
formed a resm which could not be crystallized from any solvent 

C«H„0,N Calculated C 66 16, H 8 57, OCH, 28 49 

Found “ 66 06, “ 8 52, “ 27 95 

a Oxodelphomne — a-Oxodelphmine (2) was hydrolyzed m the same man- 
ner A slightly higher temperature (170-180°) than m the case of the 
above substances was required for the distillation of the resultmg product 
The distillate had much the same appearance, and likewise could not be 
crystallized from any solvent 

C.,H„0,N Calculated C 61 63, H 7 98, OCH, 26 53, (N)CH, 3 21 
Found “6136, “ 7 89, “ 26 31, “ 0 85 

The very low (N)CH 3 determination is m agreement with the foraier 
experience inth the oxodelphmines (2) 

N-Methyl-Des-Delphonine — A solution of delphonine m excess methyl 
iodide was heated in a sealed tube at 100° for 3 hours A resm of the 
methiodide separated After removal of excess methyl iodide, the resm 
was dissolved in methanol The halogen was removed from the solution 
with excess silver oxide The filtrate was concentrated and placed in a 
molecular still A good yield of matenal distilled at a bath temperature 
of 180-200° under a pressure varying from approximately 0 01 mm to 
0 0001 mm during a little over an hour The distillate formed a resm 
which could not be crystallized 

C„H,iO,N Calculated C 64 20, H 8 86, OCH, 26 53 (N)CH, 6 42 

Found “ *64 25, “ 8 62, “ 26 04, “ 4 40 

All analyses were performed by Mr D Rigakos 
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LETTERS TO THE EDITORS 


THE NON-APPEARANCE OF SALICYLATES IN THE URINE 
AFTER THE ADMINISTRATION OF DICUMAROL 


Sirs 

The production of a hypoprothrombmemic state by dicumarol [3,3'- 
methylenebis(4-hydro\ycoumann)],* the tn mlro degradation of dicumarol 
to 2 equivalents of salicylic acid,‘ and the demonstration of a hypopro- 
thrombmenuc state folloiving a dminis tration of large doses of salicylates^ 
have led to the suggestion that the hypoprothrombmemia following 
dicumarol occurs from the formation of sahcylates The occurrence of 
sahcylates m the urme after administration of dicumarol has not been 
reported Smce the major portion of administered sahcylate is excreted 
in the urme, the urme of rats given dicumarol was analyzed for total 
sahcylates The method, to be described later, is similar to that of Brodie, 
Udenfriend, and Cobum,’ but mvolves the ether extraction of a sulfuric 
acid hydrolysate and the colorimetric estimation of the salicyhc acid m the 
residue of the ether extract ivith feme chloride Dicumarol does not mter- 
fere m the analytical deterimnation 

Rats mamtamed on the same stock diet were divided mto three groups 
those of one group received daily for 3 days 25 mg of sjmthetic dicumarol* 
suspended m 1 cc of 10 per cent gum acacia, another group, 25 mg of 
sodium sahcylate dissolved m 1 cc of 10 per cent gum acacia, and a third 
group, as controls, 1 cc of 10 per cent gum acacia only The unnes were 
pooled each day from each group, acidified, and kept at 6° until analyzed 

The rats given sodium sahcylate excreted 21 0 mg of sahcylate (as 
sodium sahcylate) per day per rat Those given dicumarol excreted none 

* Stahmann, M A . Huebner, C F , and Link, K P , J B\ol Chem , 138, 513 
(1941) 

’ Link, K P , Overman, R S , Sullivan, W R , Huebner, C F , and Scheel, L D , 
J Biol Chem , 147, 463 (1943) 

* Brodie, B B , Udenfriend, S , and Cobum, A F Pharmacol and Exp Thcrap , 
80, 114 (1944) 

* Supplied through the courtesy of Wemer Bergmann, Sterling Chemistry Labora- 
tory, Yale University 
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This finding, as to dicumarol, is substantially in agreement with the results 
of Sullivan and Huebner ® 

Blood was drawn on the 4th day, 24 hours after the last administration 
and the prothrombm tune of 12^ per cent plasma detennmed ° That for 
the rats used as controls averaged 32 1 seconds, for the rats gi\ en salicylate, 
27 2 seconds, and for the rats given dicumarol, no clottmg occurred uitlnn 
5 minutes The rats given dicumarol died on the 5th day' 

The recent work of Ivabat, Stohlman, and Smith'' has shown that m 
dandione and its denvatives aie similar m hypopiothrombinenuc action to 
dicumarol and that2-pivalyl-l,3-indandione, in particular, is piacticallyas 
effective as dicumarol, it would be highly unlikely that these substances 
would yield salicylic acid as a metabolite If a substance everts an effect 
through a metabolite, it may be assumed that the metabohte is at least as 
potent m causing the same result, dicumarol is, however, 25 to 100 times 
as effectu e as the sahcvlates m producing hypoprothrombmenua It is 
also well lecognized that vitamin K m a small dose will piotect the rat 
against the hypopiothiombmemia fiom a single large dose of sahcylatc, 
while a massive dose of the vitamin is lequiied to counteract the effects 
of a smgle small dose of dicumarol 

The present results, taken together with the arguments outlmed abo\e, 
strongly indicate that dicumaiol does not cause hypoprothrombinemia 
through the mtermediation of salicylates 

Laboratory of Applied Physiology Dvvid Lesteb 

Yale University 
New Haven 

Received for publication, March 18, 1944 

‘ SwHivan, W R , and Huebner, C F , private communication from Karl ^ 

6 Campbell, H A , Smith, W K , Roberts, W L , and Link, K P , ^ Biol Chem , 
138, 1 (1941) Overman, R S , Stahmann, M A , Sullivan, W R , Huebner, L . 
Campbell, H A , and Link, K P , / Btol Chem , 142, 941 (1942) 

' Rabat, H , Stohlman, E F , and Smith, MI,/ Pharmacol and Exp Therap , 
80, 160 (1944) 



MICROBIOLOGICAL METHOD FOR THE QUANTITATIVE 
DETERMINATION OF SMALL QUANTITIES OF 
POTASSIUM 


Sirs 

The essential natuie of the potassium ion for plant life has been known 
for some time Recently it was found that the growth of yeasts, and the 
growth, acid production, and pH change by Lactobacillus casei No 7469, 
respond quantitatively to mcreasmg concentrations of potassium It was 
also found that sodium and the ammomum ion do not replace potassium 
and do not mterfere with the quantitative response to potassium by these 
organisms Because of these facts and also because the difficulty of 
determimng potassium m the presence of certam other ions is conceded, it 
seemed profitable to devise a microbiological method for the quantitative 
determmation of small quantities of potassium 

The medium used contains casein hydiolysate, glucose, phosphate, 
ademne, guanme, xanthme, uiacil, sodium acetate, asparagme, trypto- 
phane, cystme, methionme, mmeral salts, and vit amins , but no added 
potassium It is a modification of the medium employed by the author ‘ 
The assay procedure was similai to that of microbiological methods for the 
assay of vitamins and ammo acids Especially purified KCl was used m 
the medium and a standaid cuive was constructed from the results of acid 
production or pH change at levels of 0, 1, 2, 3, 4, 5, 6, 8, 10, 12, and 14 y 
of K+ per ml of medium 

The salts noted m the table w ere dried and solutions of each w ere made to 
the designated concentrations The assayer was not informed as to the 
nature of the salts and knew them only by code letters ” He was told only 


Results of Microbiological Assay for Potassium 


Salt 

Quantity of potassium 

Present 

Found 

Difference 


y per ml 

7 per ml 

per cent 

kno, 

167 7 

169 

4-0 78 

KCl 

145 6 

140 

-3 85 

It 

161 0 

166 

4-3 10 

KH,P04 

149 2 

154 

4-3 22 

NaKC4H408 

94 9 

92 

-3 06 


'■ Rogosa, M , J Bact , 47, 159 (1944) 

’ The author is indebted to G A RamsdeU for making the solutions and coding 
the samples 
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that any one of the solutions might contam between 100 and 200 y of K+ 
per ml 

It should not be concluded at this time that tins method ivill uniformly 
be as precise as the table mdicates or that the method can be applied 
routmely to biological matenals Experiments extendmg the method to 
biological matenals aie m progress and possible non-specific stimulation is 
bemg investigated The general prmciple of the method has been valid 
thus far and it is hoped that further mvestigation mil permit the method 
to be apphed generally 

Bureau of Dairy Industry M Roqosa 

Agricultural Research Administration 
United States Department of Agriculture 
Washington 

Received for publication, April 25, 1944 



THE RELATIONSHIP OF ADENOSINE POLYPHOSPHATES TO 
FATTY ACID OXIDATION IN HOMOGENIZED 
LIVER PREPARATIONS 
Sirs 

The failure or only partial success of some mvestigators‘ to obtam re- 
producible oxidation of the higher fatty acids by broken cell preparations 
of hver can be explamed by ossummg that adenosme triphosphate (or 
diphosphate) is required to mitiate fatty acid oxidation The basis foi 
this assumption is imphcit m then data and certam other considerations 
It was found possible to demonstrate, m quantitatively reproducible 
experiments, considerable extra oxygen uptake due to added normal sat- 
urated fatty acids havmg from 4 to 18 carbon atoms by rat hver homo- 
genates supplemented with cytochrome This occurred only when ATP, 
ADP, the correspondmg mosme nucleotides, or compounds capable of 
phosphorylatmg adenyhc acid were added Adenyhc acid alone was m- 
active This activation could also be demonstrated by aerobic phosphory- 
lation of adenyhc acid by oxidation of pyruvate or fumarate m liver homo- 
genates fortified with Mg*"*", K"*", diphosphopyndme nucleotide, and cyto- 
chrome " 

The rate of oxidation was found to depend on the adenosme polyphos- 
phate concentration, optimum results were obtamed at 0 0025 m, a con- 
centration comparable to that existmg m quick frozen mtact hver 
The activation of octanoic acid oxidation by ATP is shown m a typical 
experiment 0 20 ml of HjO or sodium octanoate solution was tipped mto 
0 25 ml of rat liver homogenate (chilled liver homogemzed with 2 volumes 
of Krebs-Rmger phosphate buffer, pH 8 0, -without Ca-*^), 0 25 ml of ATP 
(or water), 0 10 ml of cytochrome solution, and 0 20 ml of 0 13 m phos- 
phate buffer, pH 8 0 Fmal concentrations, 4 X 10~® m cytochrome, 
0 0025 M ATP, 00025 M octanoate Time 30 mmutes, temperature 25° 
Gas phase, air Octanoate was determmed by distillation 


Systaa 

Substrate 

j OjupUke I 

Octanoate removed 

1 Complete + ATP 


micrpmolu 

2 4 


2 ^ i< 


7 0 

1 72 

3 ^ It 


2 4 


4 “ _ <1 

+ 

1 6 

-0 13 


Quastel, J H , and Wheatley. A H M , Brochem J , 27, 1753 (1033) 

^ r , Mufloz , J M , Btochem J , 33, 734 (1939) Mufioz, J M , and leloir, L F , 
Btol CAem , U7, 365 (1943) 
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THE UTILIZATION OF ACETIC ACID FOR FA.TTY ACID SYN- 
THESIS 


Sira 

No information is available as to the mtermediates m the biological 
synthesis of fatty acids from carbohydrates In earlier e\perunents‘ with 
dueterio acetate the isotope concentrations found m the fatty acids were 
not significant We have now prepaied a sodium acetate contanung 19 6 
atom per cent excess C*’ m the carboxyl group and a high concentration 
(77 atom per cent excess) deuterium m the methyl group This acetate 
was fed to mice at a level of 1 6 mM per 100 gm of body weight for 8 days 
Fatty acids were then isolated from the pooled livers and skmned carcasses 
A sample of respiratoiy COj was obtamed 15 mmutes before the end of the 
experimental period Glycogen (11 3 mg ) was isolated from the livers 

From the total fatty acids of the hver (238 mg ), 48 mg of saturated 
fatty acids were isolated After their analysis for C'’ and D, the remam- 
ing 44 mg were decarboxylated^ m order to determme the concentration of 
C*’ m the carboxyl group The fatty acids of the skinned carcasses (2 3 
gm ) were separated m a similar manner The isotope concentration of 
the various fractions aie given m the table 


Sodium Acetate bed, 9 8 Atom Per cent Excess C**, 77 Atom Per Cent Excess D 




Atom per cent excess 



Carcass 

Lwer 


Cu 

D 

C“ 

D 

Total fatty acids 

■Ml 

0 13 

0 103 

m 

Saturated fatty acids 

lllll ■ 

0 24 

0 160 

wm 

Carboxyl carbon of saturated fatty acids 

0 179 


0 290 

m 

Glycogen 




■ 


The duetenum concentration of the body fluids at the end of the experi- 
ment was 0 09 atom per cent excess The lespiratory CO 2 durmg the last 
15 mmutes contamed 0 066 atom pel cent excess C“ 

A similar experiment was carried out wth growmg rats They were fed 
for 3 days acetate contammg 9 8 atom per cent excess at a level of 1 6 
mil pel 100 gm of body w eight The total fatty acids contamed 0 040 
atom pel cent excess and the carboxyl carbon of the total acids con- 
tamed 0 090 

' Bloch, K , and Rittenberg, D , J Biol Chem , 146, 625 (1942) 

’ Easterfield, T H , and Taylor, CM,/ Chem Soc , 99, 2298 (1911) 
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In connection with these findings, the work of Sonderhoff and Thomas 
with yeast’ and the short time experiments of Buchanan, Hastmgs, and 
Nesbett'* with rats are of mterest The results here reported furnish 
positive evidence for the utihzation of the carbon of the carboxyl group of 
acetic acid for fatty acid synthesis 
On complete combustion, the carbon of the diet of the mice (0 5 atom of 
carbon per day per 100 gm of body weight) should yield COi with an 
average C“ concentration of about 0 07 atom per cent excess As the con- 
centrations found m the fatty acids are m all cases higher than this value, 
the lesults cannot be due to COi assimilation Moreover, as after the 
feedmg of the deuterio acetate for 8 days the fat had a deuterium concen 
tration of 1 5 to 4 5 times that of the body fluids, utilization of the methyl, 
as well as the carboxyl, gioups of acetate must have occurred The fact 
that the C*’ concentration of the carboxyl carbon atom is approximately 
twice that of the total molecule suggests that the fatty acids are synthesized 
by successive condensations of Cj units 

Departmenl of Btochemulry 
College of Physicians and Surgeons 
Columbia University 
bfew York, 

Received for publication, May 19, 1944 

’ Sonderhoflf, R , and Thomas, H , ylnn Chem , 630, 195 (19^7) 

* Buchanan, J M , Hastings, A B , and Nesbett, F B , J Biol Chem , lWi 
(1943) 
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THE VITAMIN ACTIVITIES OF “PYEIDOXAL” AND “PYRI- 

DOXAMINE” 


Sirs 


It was earlier demonstrated* that one or more substances occur naturally 
which have far greater activity m promotmg grov'th of lactic acid bacteria 
in a pyndoxme-free medium than does pyridoxme itself Our mvestiga- 
tions revealed that mixtures mth heightened giowth-promotmg actmtj' 
for lactic acid bactena were formed from pyridoxme by (a) procedures 
causmg possible animation of pyridoxme and (b) those causing partial 
oxidation’ Indirect evidence showed the active compound produced 
by animation to be an amme, that by oxidation, an aldehyde Adoption 
of a hypothesis providmg for biological mterconversion of the active com- 
pounds (see below) reduced the possible structures to three each for the 
amine and the aldehyde Synthesis of four selected compounds of defimte 
structure should test the hypothesis decisively, and furnish the two active 
products 


HO] 

CH, 


CH,OH 

/\ 


CHiOH 




Pyndoxine 


CHO 

HO/^CHiOH 

CH.>snJ 

II 

Pyndoxal 


HOi 

CH4I 


CH=NH ■ 


111 


HO 

CH, 


CHjNHj 

/\ 


iCH.OH 


\N/ 

IV 

Pyndoxammo 


At this stage m the mvestigation, cooperation of the lesearch staff of 
Merck and Company, Inc , was enlisted Biological test of the compounds 

prepared by them’ revealed 2-methyl-3-hydroxy-4-formyI-5-hydroxymeth- 
ylpyndme (II) and 2-methyI-3-hydroxy-4-ammomethyl-5-hydro\ymeth3’l- 

pyndme (IV) to be the active aldehyde and amme, respectivelj' (see the 
table) When pyndoxamme or pjmdoxal is used as a standard of com- 

* Snell, E E , Guirard, B M , and Williaina, K J , / Biol Chem , 143, S19 (1942) 

’ Carpenter and Strong (Arch Biochem , 3, 375 (1944)) have also shown that mild 
oxidation of pyndoxine yields a substance with increased activity for L cosei 
’ Hams, S A , Heyl, D , and Folkers, K , J Biol Chem , 164, 315 (1944) 
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parison with S laclts, values foi the “Bj” content of natural materials are 
obtamed similar to those mdicated by yeast assay, instead of the absurdlj 
high values obtamed against a pyridoxme standard * Considerable evi- 
dence mdicates that these compounds or their higher combmations are 
responsible for the “pseudopyndoxine” activity of natural materials 


Organism* 

Comparative activity 

Pyridoxise 

hyarochlonde 

Pyndoxal 

Fyridozaaine 

Slreplccoccus laclis R 

1 0 

5000-8000 

6000-9000 

Lactobacillus casei 

1 0 

1000-1500 

3-10 

Saccharomyces carlsbergensis 

1 0 

0 9-14 

0 8-13 


* Assaya with S laclts and L cases were performed esaentially aa described pre 
vioualy* except that samples were added aseptically after sterilization of the 
medium * Assays mth yeast were performed by a slight modification of the method 
of Atkin el al ‘ 

A plausible hypothesis is that transformation mto pyndoxal, pyndox- 
anune, or substances denved from them is required for fulfilment of the 
catalytic function of pyndoxme m all organisms Organisms such as 
yeast, for which pyndoxme has full activity, effect this transformation 
without difficulty, moat lactic acid bacteria do not This hypothesis sug- 
gests possible catalytic rfiles for pyndoxme Reversible transformation of 
I mto II or IV mto III nught permit function m hydrogen transport^ 
Interconversion of II and IV may occur by transamination reactions 
without mvolvmg the mtermediate III, a r61e m biological transaminations 
IS thus a possibility 

The University of Texas, Biochemical InstUule, Esmond E SneU' 

and the Clayton Foundation for Research 
Austin 

Received for publication, May 8, 1944 . 


* Snell, E E , Proc Soc Exp Biol and Med , 61, 366 (1942) , 

‘ Atkin, L , Schultz, A S , Williams, W L , and Frey, C N , /nd and Eng one . 
Anal Ed , 16, 141 (1943) p 

‘ Braunstein, A E , Enzymologia, 7, 25 (1939) Herbst, M , and Kitten 
J Org Chem , 8, 380 (1943) 












THE STRUCTURE AND SYNTHESIS OF PYRIDOXAMINE AND 

PYRIDOXAL 


Sirs 


Data submitted to us by Dr EE Snell showed that various procedures 
involving amination or oxidation of pyridoxme resulted m substances ivhich 
had much greatei activity than pyndoxine itself toward certam lactic acid 
bacteria His studies mdicated that the active product obtamed bj 
ammation was an amme and the one from oxidation an aldehyde, and that 
there were only three possible structures for each of these compounds * 

As a result of this collaboration with Dr Snell, we have succeeded m 
synthesizmg both an active amme and an active aldehyde, and have 
proved that they are 2-methyl-3-hydro\y'4-ammomethyl-5-hydroxy- 
methylpyndme and 2-methyl-3-hydroxy-4-formyl-5-hydroxymethylpyri- 
dme respectively The former has been named pjTidoxamine and the 
latter pyridoxal * 

Animation of pyridoxme diacetate* 3 nelded an active amme, m p 193- 
193 5° As previous mvestigations- ’ had shown that vitamm Bj and its 
derivatives are very reactive toward substitution on the 4-methylene group, 
we anticipated the formation of the 4-animomethjl derivative II The 
best yields of this compound w ere obtamed by the ammation of 2-methyl- 
3-hydroxy-4-methoxymethyl-5-hydroxymethylpyndme,’ I The loss of 
the methoxy group also mdicated substitution on the 4-methylene position 


CHjOCH, 


CH, 


I 


NH» 

120-140'’ 


CHjNH, 

II 


HO| 

CH; 


CH,OH 


iCH.NH, 


>\n^ 
III 


The isomenc 2-methyl-3-hydroxy-4-hydroxymethyl-5-ammomethylpyr- 
idme III (m p 176-178°) was synthesized by convertmg the 4-methoxy- 
methyl compound I by means of thionyl chloride mto the S-chloromethyl 
derivative, treatmg this wuth ammonia, and subjectmg the resultmg 4- 
methoxymethyl-5-ammomethyl compound to hydrolysis 
The oxidation of pjTidoxme with potassium permanganate 3 aelded an 
aldehyde which was isolated as its oxime, m p 225—226° On decomposi- 
tion of the oxune with mtrous acid and subsequent treatment with ethanol 
and hydrochloric acid, the cychc acetal IV was obtamed This compiound 


> Snell, E E , y Btol Chem , 164, 313 (1944) 

> Hams, S A , y Am Chem Soc , 62, 3203 (1940) 
• Hams, S A , y Am Chem Soc , 63, 3393 (1941) 
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AS as easily hydrolyzed to the aldehyde, which may have either of the struc- 
tures V or VI 


CH<OC,Hi 


CH,i 


CHO 


HCl 

IV 


CH,! 




HCl 

V 


CH,I 


\n/ 

HCl 

VI 


Proof that the formyl group was m the 4 position Avas obtained by cataly- 
tic hydrogenation of the oxime to the amme, II 
Microbiological assays of these compounds by Dr Snell demonstrated 
the 5-aimnomethyl compound III to be AAUthout sigmficant actmtj 
2-Methyl-3-hydroxy-4-ammomethyl-5-hydroxymethylpyndme H aass 
shoAvn to be the active animation product, pyridoxamme, and 2-methyl-3- 
hydroxy-4-formyl-5-hydroxymethylpyndme V the active oxidation product 
pyndoxal * 

Research Laboralory Stantok t Habbis 

Merck and Company, Inc Dobothba Heti 

Rahvay, New Jersey Karl Folkebs 
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FURTHER OBSERVATIONS ON PHYSIOLOGICAL 
ANTIOXIDANTS 

Bt PAUL GYORGY and RUDOLPH iM TOMARELLI’ 

{From the Babies and Childrens Hospital, and the Department of Pediatrics, School 
of Medicine, Western Reserve University, Cleveland) 

(Received for publication, February 25, 1944) 

The study of autiOMclants has only recently been applied to physiologi- 
cal reactions as they occur in vivo a-Tocopherol, the most extensively 
investigated of these compounds, has been demonstrated to protect caro- 
tene in the intestine from the destructive action of oxidizmg fat (1-3) and 
evidence has been presented that this vitamin might act under special 
conditions as a regulator of tissue oxidation (4) Soon after their dis- 
covery of natural antioxidants, the mhibitols, Olcott and Mattill found 
that the antioxygemc activity of these compounds for vegetable fats can 
be reinforced by additional acidic antioxidants (5) An example, possibly 
of physiological significance, was the enhancement of the antioxygemc 
activity of a-tocopherol by ascorbic acid (6) In the complex system of 
the animal body it seems more probable that inhibition of fat oxidation 
w ould be the result of the synergistic action of several factors rather than 
of a smgle entity Such a synergism of antioxidants appears to play a 
r61e in the antioxygemc reactions involved in the production of mahgnant 
hepatoma in rats by feedmg the dye, N,N-diraethylaminoazobenzene, 
commonly called butter yellow 

Antioxidant Activity of Butter Yellow 

In a series of nutritional experiments on the relationship of diet to the 
production of cancer by butter yellow, it w'as found that mahgnant hepa- 
toma would occur in rats upon the mgestion of butter yellow m a synthetic 
diet, provided the fat intake is kept low, or vnth a high fat ratio m the diet, 
provided the fat constituents were Crisco or butter fat with a relatively 
low percentage of unsatmated fatty acid (7) If lard was used, cancer 
was prevented but the protective effect of lard could be overcome bj the 
mclusion of nee (especially unpolished) m the diet In intro experiments 
demonstrated that hnoleic acid, the chief unsaturated fatty acid of lard, 
when it became rancid destroyed butter yellow, presumably as a result of 
coupled oxidation Brown rice (and to a smaller extent polished nee) 
prevented the oxidation of hnoleic acid and consequently preserved the 

* S M A Corporation Fellow Present address, Research Laboratories, S M A 
Corporation, Chagrin Falls, Ohio 
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butter yellow In view of these results it was concluded that Cnsco, 
butter fat, and nee, which might ha\e a procarcmogenic effect, when fed 
with butter j ellow , do so by stabili 2 ation of the carcmogenic d}e either b) 
reducing the content of unsaturated fatty acids m the diet or through a 
direct antioxj genic effect The stabilization or its reverse, the destine 
tion of the dye, takes place either m the food mixture itself or during the 
passage of food through the gastrointestinal tract This second possibil 
ity IS especiallj important, because it points to reactions and mechanisms 
of purely phjsiological nature If rancidity of the food muvture alone 
would determme the anticarcmogemc effect of butter yellow, no great 
importance could be attached to its role m the production of cancer b) 
butter j ellow This fact should be emphasized especiallj’’ m new ol 
possible misunderstanding (8) and of the findmg that m the use of food 
mixtures contammg large amounts of lard the anticarcmogemc effect was 
fully discermble m spite of complete absence of rancidity 

In prenous experiments (7) results were obtamed which indicated that 


butter yellow itself possessed antioxidant activity A diet low m casern, 
contammg Imoleic acid and butter yellow , pro\ ed to be toxic to rats al 
though in no cases w ere hepatomata found The rats fed the ImoIeic acid 
ration lost weight rapidly, became infested with pediculi, and dea eloped 
marked progressiae anemia usually accompanied by leucopenia Ibis 
toxicitj was behexed to be caused by the oxidation pioducts of bnoleio 
acid, a behef shared bj' Burr and Barnes (9) whoiecently reported similar 
anemia in rats fed rancid lard Removal of the butter yellow from the 
diet resulted m an mcrease m the seventy of symptoms This obserxa 


tion might be explained by the assumption that butter yellow posse^-ca 
antioxygemc actuuty Rusch and his coworkers, studying the relatioQ 
ship of chemical nature to biological response in a number of carcinogens, 
found that butter yellow did not retard the autoxidahon of cod h\er o 
or corn oil, but it mhibited the oxidation of benzaldehv de (10) and that o 
phosphohpids in the presence of ascorbic acid as catalyst (11) 1*^ ^ 

study of natural antioxidants m sources of the vitanur B complex, anOn ) 
was measured by the decrease in the lodme number and bj the time 
qmred for the Imoleic acid after it became rancid to decolorize a de me 
amount of butter yellow (12) Butter yellow was part of the system o 
used for the assay of added antioxidants The possibility 
j ellow itself exerts antioxidant activity and the phjsiological sigm 


of such action warranted further mvestigation 


Experimental Methods and Results 

The methods emploj ed m this study have been described in 
paper (12) 8 4 gm of com-starch were mixed xwth IG po ° 
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acid* Butter 3 ello%\ when added was dissolved in hnoleic acid This 
system was allowed to undergo oxidation at 30°, the O 2 uptake being 
followed by the decrease in the lodme number The destruction of butter 
yellow was measuied colorimetiically in chloroform extracts 
The corn-starch-linoleic acid system, with or without butter yellow, 
proved to be, as in the previous studies (12), a valuable and simple ap- 
proach to the quantitative measurement of antioxidant activity The 
results could easily be repeated and, although the absolute figures for io- 
dine number or for the concentration of butter yellow vaned slightly m 


Table I 

Anlioxidanl Aclivily of N ,N-Dtmethylaminoazobenzene {Butter Yellow) 


Composition of assay 
nuxturt per gm 

2Dd day 

5rd day 

4th day 

Sth day 

8th day 

21st day 

Butter yellow 
per gm 

9 

z 

Butter yellow 
per gm 

0 

z 

Butter yellow 
pcrgm 

0 

z 

_9 

"w - 

n 

0 

z 

Butter yellow 
per gm 

0 

z 

Butter yellow 
per gm 

0 

z 


mg 


mg 


mg 


mg 




ms 


(1) 0 84 gm corn- 








1 





starch 0 16 













gm hnoleio 













acid 


127 2 


91 2 


72 7 


56 3 





(2) (1) -1-0 6 mg but- 







1 

1 






ter yellow 

0 50 

Il31 5 


100 5 

0 14 

82 0 

BliM 

55 9 





(3) (1) -f 1 0 mg but- 


1 

1 










ter yellow 

0 95 

1132 7 





liWii 

56 9 


42 8 



(4) (1) -f 2 5 mg but- 













ter yellow 


132 S 





1 3 

124 3 

IMi 

67 3 


44 3 

(5) (1) -1- 5 0 mg but- 













ter yellow 







5 1 

133 1 

4 8 

131 6 

4 5 

136 9 


duphcate expenments, the results were sufficiently quantitative to warrant 
unequivocal conclusions Negative controls, i e corn-starch-lmoleic acid 
mixture without furthei supplement, and positive controls, t e corn- 
starch-lmoleic acid mixture plus antioxidant compound of known potency, 
accompamed each experiment One special advantage of the corn-starch- 
Imoleic acid system over the usual procedures of measurement of antioxy- 
gemc activity is that it is carried out at room temperature up to 30° 

The results of experiments presented in Table I demonstrate that the 
antioxygemc activity of butter yellow is not to be neglected To be sure, 
at the level (0 6 mg per 1 gm of the starch-hnoleic acid mixture) at which 

* “Linoleio acid, refined light, ” from the Glj 00 Products Company, Inc , Brooklyn, 
New York The iodine number of the different lots varied from 126 to 140 
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butter yellow ^\as employed in the previous studies as an mdicator of ran 
cidity, no definite inhibition of rancidity could be found However, wth 
higher doses the antioxygenic activity of butter yellow became distinctly 
mamfest To secure complete protection for the 21 days of the expen 
mental period, 5 0 mg of the dye per gm of imxture were necessary, 2 5 
mg offenng only moderate protection to the 21st day When compared 

Table II 


Acitvtly of Butler Yellow tn Conjunction with Other Antioxidants 


pen 
meat I 

ComposiUon of assay mixture per gm 

5th day 

Stb day 

2ist day 

Butter 

yellow 

pergm 

INo 

Butter 

yellow 

pergm 

INo 

Butter 

jellovr 

pergm 

INo 



mf 


pjg 




A 

(1) 0 84 gm corn-starch -f 0 16 gm 


61 4 





1 

Imoleio acid 







1 

(2) (1) -f 0 6 mg butter yellow 

0 09 

68 2 





B 

(3) (11 -h 1 0 “ hydroqumone 

! 

97 3 


53 5 


40 2 


(4) (1) + 1 0 “ 

0 55 

118 4 

0 26 

88 1 

0 07 

40 5 

1 

-4-0 6 mg butter yellow i 







c 

(5) (1) -4- 2 0 mg hydroqumone 


104 5 


65 8 


43 8 

1 

(6) (1) -4- 2 0 “ 

0 54 

135 8 

0 56 

127 2 

0 50 

124 S 


-f 0 6 mg butter yellow ! 







D 

(7) (1) -4-2 0 mg a-tocopherol I 


126 9 


96 9 

1 

1 30 5 


(8) (1) -f 2 0 “ 

0 60 

136 7 

0 11 

85 7 

0 08 

1 *13 

1 

-(-0 6 mg butter yellow 






358 

E 

(9) (1) -f 5 0 mg a-tocopherol 


116 4 


110 9 



(10) (1) -1- 6 0 “ 

0 59 

128 1 

0 27 

110 9 

0 03 

45 7 


-f 0 6 mg butter yellow 







F 

(11) (1) -4- 0 01 cc nee bran extract 


, 108 1 


55 1 




(12) (1) -4-0 01 “ “ “ 

0 47 

132 2 

0 25 

113 7 

0 OS 

51 1 

1 

-4-0 6 mg butter yellow 






fi A 

G i 

(13) (1) -4- 0 05 ee rice bran extract 


99 9 


70 4 




(14) (1) -4- 0 05 “ “ “ 

0 59 

134 1 

0 55 

120 2 

0 60 



-}- 0 6 mg butter yellow 




- . 


— - 


With the classical antioxidants, hydroqumone and a-tocopherol 
Mixtures 5, 7, and 9 of Table II), it is apparent that in this 
carcmogemc dye has an activity greater than that of a tocop ero 
about equal to that of hydroqumone 

In Table II data are presented on a study of the synergisbc ^ 
butter yellow ivith several typical antioxidants Hydroqumone 
lected as characteristic of the phenolic type, a-tocopherol as 
and aqueous extract of nee bran as the roost potent of natural an i 
m sources of the vitamm B complex 
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From these investigations it became apparent that while butter yellow 
acts synergistically with either hydroquinone or nee bran extract it does 
not do so ivith a-tocopherol IVhereas 0 6 mg of butter yellow per gm 
alone offers no protection to the oxidation of Imoleic acid (Experiment A), 
in the presence of 2 0 mg of hydroqumone per gm , which has httle activity 
alone, complete protection is found at the 21st day of the experiment (Ex- 
penment C) Similarly the antioxygemc activity of rice bran extract is 
greatly enhanced by the addition of 0 6 mg of butter yellow per gm With 
0 05 cc of the rice bran extract per gm the lodme number of the hnoleic 
acid decreased to 108 1 by the 5th day, the addition of 0 6 mg of butter 
yellow pier gm afforded a nuxture with complete protection up to the 21st 
day (Experiment G) and accordmg to previous studies (12) up to 5 months 
and longer The combmation of butter yellow and rice bran extract con- 
stitutes a remarkable example of antioxygemc synergism 

DISCUSSION 

In the production of hver cancer by feedmg rats butter yellow the high- 
est mcidence has always been obtamed with a diet contammg broivn nce 
The postulation that the water-soluble antioxidant of brown nce is responsi- 
ble for this procaremogeme action (7) must now be amplified with the 
newer knowledge that the antioxygemc activity of the factor (or factors) 
in brown rice is greatly enhanced by the presence of butter yellow Butter 
yellow m conjunction with the antioxidants of the nce inhibits the oxida- 
tion of iinsaturated fat and consequently preserves the caremogeme dye 
so that it may be earned mtact to the liver cells 

Sugiura and Rhoads (13) in an attempt to isolate the procaremogeme 
factor of brown nce fed rats an ether extract of whole rice Contrary to 
their expectations, this fraction decreased the mcidence of hver cancer, a 
result which may now be attributed to the unsaturated fat content of the 
nce oil The fact that the tocopherols present in such nce oil were mth- 
out any procaremogeme activity is m good accord with the in vitro ex- 
periments reported m. this paper, showing the mabihty of a-tocopherol, 
with or without butter yellow, appreciably to retard the oxidation of 
hnoleic acid 

Inhibition of Enzymatic Oxidation of Linoleic Acid 

In the regulation of physiological oxidition prooxidants will undoubtedly 
play as important a r61e as antioxidants The enzyme hpoxidase is a 
sfiecial example of factors which promote and accelerate the oxidation of 
unsaturated fat Lipoxidase activity has been demonstrated m the past 
m a number of plant sources Recently Hove (14) reported the presence 
of hpoxidase in mammalian tissue, in particular in aqueous extracts of 
minced stomach and hver of rats 
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The inhibition of fat oxidation by antioxidants besides being a direct 
action consisting mainly m the prevention of peroxide formation might also 
result from mactivation and neutrahzation of prooxidant activities, such as 
for instance copper ions, etc On the basis of these and similar considera 
tions a number of antioxidants known to be effective m the corn-starch 
Imoleic acid mixture were studied concermng their effect on the oxidation 
of Imoleic acid catalyzed by hpoxidase 

Expenmenial and Resulia 

The effect of antioxidants on fat oxidation catalyzed by hpoxidase was 
studied by a measurement of the rate of disappearance of color from a 
Imoleic acid-carotene solution This method wnth mmor vanations has 
been used by a number of workers (15-17) The reaction mixture cm 
ployed m this study was essentially that of Sumner and Sumner (15) 
The followmg components, m the order given, were mtroduced into a 500 
cc flask 0 175 mg of crystalhne carotene (S M A Corporation) m 5 
cc of acetone, 2 5 mg of hnoleic acid m 5 cc of acetone, the antioxidant 
in 1 cc of acetone, 5 cc of phosphate buffer (pH 6 5), 100 cc of distilled 
water and 0 2 to 0 5 cc of enzyme preparation (2 5 per cent aqueous ex- 
tract of ground defatted soy bean) With these proportions a stable 
clear yellow solution xvas obtained The flask was agitated by a me 
chamcal shaker xvhich was halted at vanous mtervals to permit the inth 
drawal of 10 cc of the reaction mixture This was qmckly pipetted into 
0 5 cc of concentrated hydrochloric acid xvhich inactivated the enzj me 
The color of the mixture xvas determined by a Klett Summerson photo- 
electnc colorimeter xxith a blue filter (No 42) The tune reqmred for 50 
per cent decolonzation served as an index of the rate of carotene destruc 
tion through the oxidized Imoleic acid The ratio of this value m a reac 
tion mixture contaming an antioxidant to that of a control (acetone blank) 
gave an expression of the inhibitory actmty of the antioxidant ino 
results obtained xxuth a number of compounds of knoxvn aqtioxidant ac 
tmty are presented m Table III Each value represents an average o 
three or four determmations The amount of enzyme preparation urf 
xvas such that the 50 per cent decolonzation time fell betxx een 200 an 
seconds , ■ 

Of the compounds studied only a-tocopherol has shoxin apprecia 
inhibitory action Approximately the same effect was had with 
of a-tocopherol as with 100 times as much hydroqiunone or ^ 2 

much of the phenyl ether antioxidants Butter yellow at a 

mg XX as not mhibitory, higher concentrations could not be te^ 

of interference by the color of the dye The addition of rice 
to the reaction mixture produced stable emulsions which prexen 
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metnc determmation With the e\ception of a-tocopherol, diphenylanune 
was the only other of the compounds tested that exerted a defimte in- 
hibition The action of diphenylanune may be due not to an inhibition 
of the oxidation of hnoleic acid and the consequent preservation of carotene 
but to a direct protection of the carotene by the amine Wilhams, Bickoff, 
and Van Sandt (18) have found that of about 100 compounds tested 
diphenylanune was the best m preventmg the oxidation of carotene when 
present m the stable medium of mineral oil 
It should be pointed out that, whereas for the com-starch-hnoleic acid 
and butter yellow muxture hydroqumone was found to be a satisfactory 
antioxidant and «-tocopherol a weak one (Table I), the reverse was true 
when they were used in the lipoxidase-lmoleic acid-carotene mixture 

Table III 


Effect of Antioxidants on Enzymatic Oxidation of Ltnoletc Acid 


j 

Aotiondant j 

Ratio of 50 
per cent 
decolonza 
tioQ tune 
to that of 
control 

Antioxidant j 

1 

Ratio of SO 
per cent 
decoionza 
tion tune 
to that of 
control 

1 

mg 

hydroqmnone 

: 4 

0 04 mg 

a-tocopherol 


2 

tt 

tt 

1 3 

0 1 

II 

II 

; 23 

5 

tt 

tt 

1 5 

0 4 

II 

tt 

8 4 

10 

H 

tt 

2 4 

1 5 

It 

diphenylamine 

1 3 9 

5 

tt 

methyl ether of hydroqui- 

1 8 

5 

11 

tt 

4 4 



none 


0 1 

fl 

butter yellow 

1 2 

5 

tt 

benzyl ether of hydroqui- 

1 6 







none 






5 

ft 

p-hydroxydipheuyl ether 

1 9 i 





5 

tt 

4,4'-dihydrojtydiphenyl ether 

16 , 






(Table III) This difference became even more distinct with the benzyl 
ether of hydroqumone in place of the free hydroqumone Benzyl ether of 
hydroqumone and, to a lesser degree, methyl ether of hydroqumone, as 
well as p-hydroxydiphenyl ether and 4,4'-dihydroxydiphenyl ether, are 
excellent antioxidants iihen used m the hnoleic acid-corn-starch system 
ivith and even ivithout butter yellow,^ but are much weaker antioxidants 
than a-tocopherol m the lipoxidase system 

StJMMXRY 

1 N,N-DimethyIanunoazobenzene (butter jellow) possesses consider- 
able activity in retarding the autoxidation of Imoleic acid 

’ Unpublished experiments in collaboration with XI B Williamson (19) 
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2 Butter yellow acts synergistically in enhancing the antioadant ac 
tmty of rice bran e\tract or hydroquinone but is ineffective mth a toco- 
pherol 

3 Of a number of antioxidants tested only a-tocopherol exerted any 
appreciable inhibition to the oxidation of Imoleic acid (and carotene) 
catalyzed by the enzyme soy bean hpoxidase Diphenylaimne displayed a 
slight action, while hydroquinone, methyl and benzyl ethers of hydro- 
qumone, diphenyl ethers, and butter yellow gave no inhibitory effect 
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THE DIRECT DETERMINATION OF 5-EETO-d-GLIJCONIC 

ACID 

Bt WALTER E MILITZER 

(From the Avery Laboratory of Chemistry, University of Nebraska, Lincoln) 
(Received for publication, Apnl 3, 1944) 

No methods have been available for the direct determmatioa of 5-keto-D- 
glucomc acid in the presence of other sugars Those employed thus far 
have depended on polanmetnc changes and differences in the reduction of 
hot alkahne copper reagents Stubbs, Lockwood, et al (1) used the 
Shaffer-Hartmann reagent to determine this acid m fermentations, but the 
analysis was based on the absence of glucose and similar compounds Io- 
dine consumption m alkahne solution (which determines total aldose con- 
centration) plus a total copper reduction method is not advisable, because 
5-keto compounds react somewhat with alkaline hypoiodite 

We have found that the rate of reaction between 5-keto-D-gluconate and 
cold Benedict’s reagent can be used to determine this sugar quantitatively 
m the presence of a vanety of other compounds Glucose, galactose, 
mannose, fructose, 2-keto-D-glucomc acid, and other common sacchandes 
mterfere only when present in high quantities The presence of salts, hke- 
wise, can be tolerated in considerable concentration 

ir-Ascorbic acid and its oxidation products, debydroascorbic acid and 
2,3-diketo-L-gulomc acid, as well as compounds of similar structure, also 
reduce cold copper reagents They must be absent or removed m the deter- 
mmation of 5-keto-D-glucomc acid 

Procedure 

Reagents — 

1 Benedict’s quantitative reagent, with modifications, as follows copper 
sulfate pentahydrate, 18 0 gm , sodium carbonate, anhydrous, 150 0 gm , 
potassium citrate, 200 0 gm , potassium thiocyanate, 125 0 gm , potassium 
ferrocyanide, 5 0 ml of a 5 per cent solution The salts are dissolved m 
water and made up to 1 liter The reagent should be allowed to stand for 
several days before use and then decanted from any precipitate which may 
arise 

2 Standard solution of 5-keto-D-glucomc acid 2 5000 gm of calcium 
5-keto-D-gluconate (8 50 per cent calcium) are warmed slightly with 0 7o00 
gm of o\ahc acid dihydrate dissolved in 20 to 30 ml of w ater After the 
calcium oxalate is filtered off, the volume is made up to 50 ml in a volu- 
metric flask wuth water From this standard, \anous dilutions can be 
made The standard is stable for at least 5 to 6 weeks in the ice box 
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5-keto-d-gluconic acid 


3 Standard solution of sodium 5-keto-D-gluconate This standard is 
made up the same as the acid standard, except that a neutralization with 
sodium bicarbonate precedes the dilution to 50 ml The amount of bicar- 
bonate should always be calculated accurately from the quantity of oxahc 
acid used in decomposmg the calcium salt 

4 Comparison tubes Test-tubes 5 by 1 mches are coated on the 
outside ivith white enamel up to a height of 2 mches from the bottom 

All solutions are brought to 25° m a constant temperature bath before use 
and are held at that temperature throughout the deterimnation 

5 ml of Benedict’s reagent are placed m the comparison tubes and held 
m the temperature bath Then 5 ml of the standard (or solution to be 
tested) are pipetted into the reagent which la shaken to provide uniform 
agitation dunng this operation The time necessary for the complete 
disappearance of the blue color is determmed with a stop-watch, in which 
the startmg time is taken as the first moment dunng which pipetting of 
solution into the reagent begins 

For maximum accuracy the tune for pipetting the solution into the re- 
agent should be between 15 and 20 seconds 


Results 

The times required for the complete reduction of solutions contammg 
vanous concentrations of 5-ketogluconate are given in Table I Wlien the 
times are plotted against concentration, Curve A of Fig is the result 
From this curve the concentration of unknown solutions may be obtained 
by interpolating from the time of reduction of a known dilution 

The reduction tunes as shown m Table I can be duplicated within 5 sec- 
onds on duplicate samples from the same solution The accuracy, of 
course, depends upon the operator’s ability to see the disappearance of the 
blue copper color For this reason it is necessary for each individual to 
establish his oivn cun e to avoid errors in personal differences Like all 
Benedict’s reagent, each new solution must be standardized 

The reduction of 5-ketoglucomc acid is little affected by the presence of 
other compounds of common ongm Glucose, which does not reduce the 
reagent in 24 hours, has no effect on the determination unless present in 
very large quantities In Table II the action of glucose, as well as of some 
other monosaccharides, on the determmation of 5 -ketoglucomc acid is 
shoivn At a concentration of 50 mg per ml of glucose the time of 
tion IS hastened only 14 seconds from its previous value of 15 minutes an 
seconds Other monosacchandes, aside from fructose, have approMraatc > 
the same effect as glucose and can be present in high concentrations wat lou 
causing much difficulty It wall be noted, however, that fructose m 
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amounts of 50 mg per ml causes an error which hastens the time of reduc- 
tion sufficiently to give an error of 10 per cent in the figure for 5-keto- 
glucomc acid This effect, obviously, becomes less with lower concentra- 
tions of fructose, m 25 mg per ml the error is practically neghgible An 
explanation of the fructose anomaly cannot be given as yet^ 


Table I 

Reduclton of Cold Benedict’s Reagent by 5-Ketogluconate 


S-Ketogluconate calculated as calcium salt 

Tune of reduction 

mg ptr ml 

mtn 

see 

50 0 

7 

16 

40 0 

9 

0 

30 0 

11 

30 

27 5 

12 

40 

25 0 

14 

10 

22 5 

15 

30 

20 0 

17 

50 

17 5 

20 

30 

15 0 

24 

20 

10 0 

41 

0 



mg/ml. calc, as Co keto gluconate 

Fig 1 The reduction tune concentration curves of 5 keto d gluconate (Curve 
A), 5 keto D gluconic acid (Curve B), 5 keto d gluconic acid contaminated vnth 
saccharic acid (Curve C), and an unknon n compound (Curve D) 

Special note should be made of 2-keto-D-glucomc acid' which because of 
its similarity to the 5-keto acid could be expected to lead to mterference 
The 2-keto acid, however, does not reduce the reagent, except on standmg 

' Supplied through the courtesy of Dr C L Alehltretter Northern Regional Lab 
oratory 
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with it for long periods of time, aor does it affect the tune of reduction of 
5-ketoglucomc acid The data of Table II show this clearly The reduc 
tion toward cold Benedict’s reagent represents, therefore, a distinct differ- 
ence between these two acids and can be used as a means of determining 
one in the presence of the other 

Salts such as sodium chlonde, sodium mtrate, sodium sulfate, sodium 
mtnte, and potassium chloride when present in concentrations as high as 
50 mg per ml do not change the time of reduction of 5-ketogluconic acid 
and consequently introduce no error in the determination This is partic 
ularly sigmficant when solutions containing mineral acids are neutralized 
preparatory to the determination 


Table H 

Effect of Glueaae and Other Monosaccharidea on Cold Reduclion of S-Keloglucomc Acid 

(SSOMg per Ml) 


Sugar 

G>Qceiitratioa 
of sugar 

Time of reduction 

CoaceolraUon* 
calcuUted from 
reducuoa 


mi ptr mi 

mm 

«c 1 

m ptr 

Glucose 

50 

14 

50 

25 5 

Mannose 

50 

14 

32 

26 0 

Galactose 

SO 

14 

50 

25 5 

Fructose 

SO 

13 

40 

27 5 


25 

14 

50 

25 5 


so 

15 

0 

25 0 

2-Ketogluconate j 


15 

4 

25 0 



1 




* Values referred to Curve B, Fig 1 


The reagent as here employed is not reduced by the common monosac 
chandes and 2-keto-o-glucomc acid nor by such molecules as uromc acids, 
pyruvic acid, levulinic acid, formic acid, formaldehyde, acetaldehyde, and 
ammo acids In the presence of these 5-ketogluconic acid can be deter- 
mmed readily bv diluting the neutralized solutions to a standard volume 
and obtaining the concentrations from Curve A 

There are, of course, compounds other than 5 -ketoglucomc acid wine 
show a marked reducing action toward cold Benedict’s reagent Those o 
which we are certain are enediols, such as n-ascorbic acid, and their om 
tion products Of these dehydroascorbic acid and 2,3 diketo-L-gu omo 
acid reduce leadily The presence of compounds of this nature can 
detected easily by suitable quahtatiie tests (2-4) The enediols can c 
oxidized w ith iodine w ithout affecting 5-ketoglucomc acid , but the res 
oxidation products cannot be obv lated quite so readily They are su 
ceptible to heat and their concentration can be determined in 
of 5-keto acid by a procedure w hich wall be reported in another pu ica i 
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The determination of 5-ketoglucomc acid in the presence of compounds 
hke dehydroascorbic acid is naturally obscured by their reducing action 
Nevertheless, we have found the reduction times of such composite solu- 
tions to be of considerable value in followmg the progress of certain oxida- 
tions For instance, in the mtnc acid oxidation of glucomc acid (and glu- 
cose) progress of the reaction was followed by removmg 5 ml of the solution 
at frequent mtervals, neutralizing \vith sodium bicarbonate, dilutmg to 50 
ml , and determmmg the reduction time In Table III some typical 
results are shown for glucomc acid The oxidation for glucose runs a 
similar course 

It will be noted that two curves, A and B, are given m Fig 1 Curve A 
IS the tune-concentration curve for solutions which have been neutrahzed 
before the determmation, while Curve B represents the curve for solutions 

Table III 


Reduction of Solutions Obtained from Nitric Acid Oxidation of D Gluconic Acid 


Reaction sampled 

Time of reduction 

hrs 


16 

No reduction 

18 

3 75 hrs 

19 5 

17 nun 30 sec 

20 25 

12 “ 30 “ 

21 75 

9 “ 45 “ 

23 

6 “ 0 “ 

40 

3 “ 0 “ 

91 

1 “ 5 “ 


of the free acid which are employed without prior neutrahzation Curve A 
IS used for complex solutions m which one does not effect a pre lim i na iy 
isolation of the acid, as in the oxidation of glucose by microorganisms or by 
mtnc acid Curve B, on the other hand, has been most useful in analyzmg 
the salts of acids which are isolated from reaction mixtures Almost 
invariably we have isolated our acids as the calcium salts These are 
decomposed by oxalic acid and allowed to remam as the free acids, because 
the free acids are much more stable m acid solution than in neutral or alka- 
line conditions We have kept refngerated solutions of 5-ketogluconic 
acid for months without deterioration 
The differences m Curves A and B arise from the fact that the reduction 
velocity of the cold copper reagent is intimately associated with the concen- 
tration of sodium carbonate Hence, when a solution of the free acid is 
added, part of the sodium carbonate is removed through the ensumg neu- 
tralization The decrease m alkalimty lengthens the time of reduction 
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The two curves meet obviously when the concentration of acid is small, 
and a negligible dinimution m alkali results 
The following result shows the effect of sodium carbonate concentration 
on the reduction time of a solution contaimng 5-ketoglucomc acid The 
reduction time ivith the normal reagent was 8 nunutes, 30 seconds, which 
corresponds to a concentration of 50 mg per ml When m adchtion 25 mg 
of sodium carbonate per ml were added to the reagent, the tune was re 
duced to 7 minutes, 33 seconds Because of this dependence on alkalimty 
we have always kept constant the ratio of o\ahc acid to calcium salt when 
making up solutions to be run according to Curve B 

In addition to giving quantitative results the tune reduction curve of a 
compound can also be used as a qualitative means of identification In a 
preparation in which 5-ketogIuconic acid is solely the reducer present, the 
curve will be similar to, or identical with Curve A or B, depending on the 
conditions employed An example of this situation is given by Curve C 
in Fig 1 in which a calcium salt contaminated with saccharate was run 
Curve C fits the portion of Curve B between concentrations of 10 to 30 
mg per ml On the other hand, a calcium salt isolated from the ovidation 
of galactose gave a curve represented by Curve D The nature of this salt 
IS still bemg investigated As yet it is impossible to draw a definite conclu 
Sion regardmg keto acids other than 5-ketogIuconic, but we feel safe m 
assummg that their reduction curves will not be homologous with Curve 
A or B 


5UMMAKY 

A method for the determmation of 5-keto-D-glucon'O acid has been gi^v^en 
in which the rate of reaction with a modified Benedict's reagent at 25 n 
employed n-Glucose, 2-keto-D-gluconic acid, anU other monosaccto 
do not mterfere with the determination, nor do sodium chloride, sodium 
sulfate, sodium mtnte, and potassium chloride , 

The reagent is not reduced by formaldehyde, acetaldehyde, formic aci , 
pyruvic acid, levulinic acid, and uromc acids 
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AMINO ACID NITROGEN CHANGES IN SHOCK 
Br W S HOAR and R E HAIST 

{From the Department of Physiology, University of Toronto, Toronto, Canada) 
(Received for publication, Apnl 12, 1944) 

In 1943 Engel, Winton, and Long (1) reported profound changes m the 
ammo acid mtrogen of blood m hemorrhagic shock Accordmg to these 
workers the changes were due primarily to a decrease m hepatic function 
resulUng from, anoxia Secondary effects of anoxia on the penpheral tis- 
sues caused an enhanced rate of protem breakdown there and contributed 
to the picture of nsing ammo acid nitrogen In subsequent papers by 
Russell, Long, and Engel (2) and by Engel, Harnson, and Long (3) it was 
shown that there was an increase m penpheral protem metabolism in am- 
mals foUoivmg hemorrhage and that the products of this metabohsm accu- 
mulated either because they were not circulatmg through the hver suflS- 
ciently rapidly or because with contmued anoxia the hepatic parenchyma 
was damaged and could not dispose of the ammo acid 

In the present commumcation data are presented which indicate that 
anoxic peripheral tissues contribute ammo acids to blood, and that this 
may lead to a general elevation of the plasma ammo acid level 

Material and Methods 

Dogs Were anesthetized by sodium pentobarbital, and shock was pro- 
duced by the application of pneumatic pressure cuffs to both hind limbs 
The cuffs were left m position for a penod of 5 hours and the pressure m the 
cuffs was maintamed at about 230 mm of Hg Controls were anesthetized 
for the same length of time as the test animals On removal of the cuffs 
the aiymals went into shock The blood samples studied were a brachial 
vem sample obtamed before anesthesia and several postanesthetic samples 
from femoral vem, femoral artery, jugular vem, and sometimes carotid 
arteiy 

Shock was produced m rats by clampmg the two hind legs (Haist and 
Hamilton (4)) 3 to 4 hours after the clamps were removed, the ammals 

were killed by stunning and a blood sample removed from the abdominal 
aorta Control animals were fasted for the same period as the test animals 
but did not have their legs clamped 

All ammo acid determmations w'ere earned out on tungstic acid filtrates 
Danielson’s (5) modification of the Folin coloiimetric method was employed 
for the majority of the determmations (studies of fourteen dogs and 58 
rats) The method was adapted to the photelometer, wuth a Cenco No 1 
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blue filter (transmitting light of wave-length 400 m/i) Smce the dye used 
m the reaction is not entirely specific for ammo acids, a comparison of this 
method wnth the nmhydrm manometric method of Van Slyke el al (6) isas 
attempted (studies on four dogs) 

For the majonty of the dogs of this senes the non-protem mtrogen of the 
plasma was also detenmned The micro-Kjeldahl technique nas em 
ployed These data are not set forth in detail, smce non-protein nitrogen 
changes m shock have been descnbed so often by others However, they 
deserve a bnef reference, smce they add somewhat to the general picture 



Fia 1 Ammo acid mtrogen (left) and non-piotein mtrogen (right) changes c 
ditferent control dogs (upper) and those in shock (lower) For anuno Ditrcigs”i 
broken lines indicate manometnc, and solid lines colonmetnc detennmations 

Results 

Changes in Control Dogs — Cnsmon el al (7) found that 
produced a mean lowering of 1 7 (±0 3) mg per cent m the blow 
acid mtrogen of dogs Our findmgs are m agreement (Fig 1) -t"® 

acids fell rapidly at first, then more slowly for a penod of from 5 to 
After that there was a tendency to return toward normal, 
dog the ammo acid nitrogen values were below normal e\ en after 
of anesthesia 

It was not deemed necessary to follow more than three oo^ 
longed periods of anesthesia, smce the mitial 5 hour period o 
tion m the test animals forms an anesthetic control in itse 




Vf S HOAK AND R E HAIST 


333 


lowering of plasma ammo acid nitrogen produced by 5 hours of anesthesia 
in twenty-five dogs was 1 1 mg per cent The mean preanesthetic value 
for these dogs was 4 9 mg per cent 

That the anesthetic alone has little or no effect on the plasma non-pro- 
tem nitrogen is shown in Fig 1 

Changes in Dogs in Shock — Changes m plasma ammo acid nitrogen and 
non-protem nitrogen values m dogs m shock are also shown m Fig 1 In 
both cases the nitrogen values rise precipitously after removal of the pres- 
sure cuffs 

The general rise m ammo acid nitrogen for eight dogs, as shown by jugu- 
lar vem plasma, amounts to an mcrease of 68 6 per cent over preanesthetic 
values, or 3 6 mg per 100 cc The local nse, as shmvn by femoral vem 
plasma, is more than 100 per cent or 5 5 mg per 100 cc Considermg the 
depression m ammo acid level produced by the anesthetic (1 1 mg per cent), 
it IS evident that the absolute mcrease after removal of the cuffs is actually 
greater than these figures mdicate 

The general picture of a progressively nsmg plasma ammo acid level 
is seen with both manometnc and colonmetnc procedures However, the 
limited data available mth the manometnc technique mdicate that the 
nse (particularly m femoral vem plasma) may be less marked than the 
above results would suggest It is possible that some other matenal (am- 
moma or unc acid‘s) capable of reacting with sodium naphthoqumone-4- 
sulfonate may contnbute to the termmal picture when the colonmetnc 
method is used (see Fig 1) 

One source of the ammo acids in this type of shock is evident fi om a com- 
parison of the blood samples from jugular vem, carotid artery, femoral vem, 
and femoral artery The data are given m Table I and summanzed m the 
histogram of Fig 2 Femoral vem values are consistently the highest, 
while there is little difference m the plasma ammo acid values of jugular 
vem, carotid artery, and femoral artery 

Engel, Winton, and Long have correlated the nsmg blood ammo acids 
in hemorrhagic shock with a fallmg blood pressure, and suggest that the 
low blood pressure ivill produce an early anoxia of the liver and consequent 
impairment m the deammation processes In the light of these findmgs 
we have considered our data m relation to the blood pressures Ammo 
acid mtrogen values and concomitant carotid blood pressures for eleven 
dogs m shock are shown m Fig 3, A The relationship beti^een the falling 
blood pressure and nsmg ammo acids is evident However, we feel that 
a significant nse in the ammo acid level of the blood generally may occur 
before the blood pressure has reached a cntical level In Fig 3, B, for ex- 
ample, the blood pressure fell to 85 mm of Hg for about 1 hour, then re- 
turned to normal, and the animal lived for 2 days Nevertheless, the ammo 
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acids of the plasma rose from 4 1 to 9 6 mg per cent with a blood pressure 
which does not seem to be critical Agam, m a senes of cross-circulation 


Table I 




removal of cuffs 

Fio 2 Average amino acid nitrogen \alue 3 for five dogs 

expenments, significant increases in the ammo acids of 
were sometimes observed wuth mean arterial blood pressures of 
mm of Hg (Fig 3, O This was true also of the non protem mtrog 
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the plasma In these cross circulation control experiments the only tissue 
which might have been seriously affected was the blood itself Further, 
it seems suggestive that ammo acid and non-protem nitrogen changes were 
evident m a senes of dogs subjected to the usual shock-produomg procedure 
but given an early transfusion (plasma, isinglass, or polyvinyl alcohol) 
so that the blood pressure did not fall to shock levels (Fig 3, D) 

These findings suggest that the nse m ammo acid nitrogen is not always 
related to the falling blood pressure 



Fio 3 Relationship between ammo acid nitrogen and blood pressure in shock 
A, regression lines for eleven dogs B, Dog 176, shock produced m the usual manner, 
lived 2 days beyond the experiment <7, exchange transfusion control. Dog 244, show- 
ing nitrogen elevation with relatively high blood pressure D, Dog 167, infused with 
a 4 per cent solution of polyvinyl alcohol in normal saline (40 cc per kilo of body 
weight), dog survived 

Plasma Amino Acids in Rais — The changes in plasma ammo acid nitro- 
gen m imanesthetized rats are summarized in Fig 4 A significant elex a- 
tion m the ammo acid nitrogen of the plasma is evident However, the 
actual increase is less for the rat than for the dog (on the average, 2 2 mg 
per cent as compared to 3 6 mg per cent) 

Haist and Hamilton, studying changes m the liver glycogen stoiage, 
found a failure of storage m the rat m shock but a restoration of the process 
when the limbs were reclamped The reclampmg procedure prevented 
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death in our animals, but did not change the level of ammo nitrogen within 
4 hours (Fig 4) At the end of that time the levels were stiU high If it is 
assumed that the rise m ammo acids is due either directly or mdirectly to a 
failure of the deamination processes of the hver, then it follows that there 
IS not a rapid recovery of the abdity of hver to deammate ammo acids 



Fig 4 Plasma ammo nitrogen values for control, shook, and “reclamped” rats 
In the latter group the clamps were left off for 2 hours, then the legs were teclamped 
and the plasma samples were taken 4 hours later 


DISCUSSION 


The ammo acid mtrogen of the blood has a value which is surprisingly 
constant under many changmg physiological conditions Injections of 
pentobarbital, insulm, epmephrme, and potassium chloride have been 
shoivn to produce a shght lowermg (Cnsmon et al ) Injections of ammo 
acids produce a rapid rise m the blood anuno acid level, but this returns to 
normal wthm a few hours, owmg to mcreased excretion of ammo acids or 
their conversion to urea m the hver (BoUman, Mann, and Magath (8)) 


Consequently it has been suggested that the pronounced elevations seen 
m traumatic shock (Lurje (9)) and m hemorrhagic shock (Engel, Wmton, 
and Long) may give a clue to some fundamental feature of the shock sjn 
drome The rise evident m shock would seem to mdicate that the amino 
acids are bemg produced m relatively high concentrations or that e 
deammatmg functions of liver, or removal by the kidneys, are senorn y 
mterfered with In our dogs there is little or no excretion of urme a cr 


removal of the cuffs , 

Both groups mentioned above have stressed the probability of hver 
age m shock In the case of hemorrhagic shock, Engel, Wmton, an on^ 
have shown that the nse m ammo nitrogen m the rat occurs only a . 
blood pressuie has fallen to 80 mm of Hg, and suggest that the ow 
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pressure will produce an early anoxia of livei and consequent impairment in 
the deammation processes 

In the type of shock which we have been studying, the data for dogs show 
clearly that anoxic peripheral tissue contributes ammo acids, as i\ ell as other 
non-protem mtrogenous constituents, to the blood It seems possible that 
thenon-protem and ammo acid nitrogen commgfrom the injured limbs will 
account for the initial general nse noted It is probable that other tissues 
become somewhat anoxic in the terminal stages of shock, and may add to 
the picture of rismg blood nitrogen Initially, however, in these expen- 
ments the rise in ammo acid nitrogen of the shocked dog seems to be due to 
processes gomg on ivithm the tissues of the injured limbs Our data show 
that a general nse may occur before the blood pressure falls to 100 mm of 
Hg This blood pressure does not seem low enough to produce a gen- 
eralized tissue anoxia, though an anoxia of certain penpheral tissues may 
be present It is appreciated that folloiving hemorrhage any effects of 
anoxia may not be evident immediately, whereas, m the type of shock we 
are studymg, materials from tissues subjected to prolonged anoxia may be 
poured mto the circulation immediately upon release of the cuffs 

The results of the reclampmg experiments in the rats suggest that the 
liver function is altered in these ammals We would expect the reclampmg 
(which outs off the blood supply from the mjured limbs) to prevent further 
contnbution of ammo acids to the blood If the deammatmg processes 
were unaffected, the ammo acid mtrogen level of the blood should soon 
return to normal after the limbs are reclamped This does not occur m 4 
hours 

These findmgs on the rat confirm the theory that the liver function is 
altered m shock It is of mterest to note, however, that despite the fact 
that the blood ammo acid levels remam high the animals begin to recover 
durmg the 4 hour “reclamped” period It would appear therefore that 
certam other processes are more fundamental than those responsible for 
the elevation of the blood ammo acid nitrogen level 

SUMMARY 

Dogs m shock produced by pressure cuffs showed a nse m the plasma 
ammo mtrogen of 3 to 5 mg per cent 

In the control animals the plasma ammo nitrogen was reduced 1 to 2 mg 
per cent 

The primary rise m ammo acid values m dogs m shock results from proc- 
esses gomg on m the tissues of the mjured limbs Sigmficant changes may 
occur before the blood pressure has fallen to shock levels 

The plasma ammo mtrogen of the rat in shock is, on the average, 2 rag 
per cent higher than that of the normal animal 
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In both the dogs and rats, suitable treatment (early transfusions or re 
clamping of the injured limbs) may bung about recoiery before the ammo 
acid level shows any tendency to return to normal 

It IS a pleasure to thank Professor C H Best, for his mterest and help 
in this work 
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(I) advanced the C, cht ,h " T' “<< 

ahanges m the bJeZre 1^2^ "“"r "““"I™. 'nclndmg 

Phorus metabolism Aftei tbo A Preceding changes m the phos- 

P«t.ente,Alb„ght.„dBUotth '“h"” ■>''■»« >■> 

unnarj evoret.on o( phZZZs Tht T IT'*"** 
m the blood equiltbm as a result a**ange occurs 

Which makes necessary an mo * ^ parathyroid extract admmistration 

of these obser” tosU) and Sll" 7'’°'"“ ™'“’“ »“* 

(5) suggested that parathyroid horm 'Pt’estigations ( 2 - 1 ), Ellsivorth 

old for phosphorus^ A^i n ^ acts by lowering the renal thresh- 

thyroidLtmct ^ n k a the action of para- 

(6) suggest that the hoimo '‘“ts, Ingalls, Donaldson, and Albright 

produces certam bone" han^^^ ^ ^ut also 

directly sfmuktstS^ parathyroid hormone 

to the blood In sunn^r r;/ “^^^^J^rsts, whereby calcium is released 
Thomson ( 7 ) obLved thai 

resorption of bone m bihf ^ P'^rathyroid extract produced osteoclastic 
direct action of nnmfb^ nephrectomized rats, thus mdicating a 

action It may Lve -rlependent of any 

McMamara (9) observed thlt fh°% Likewise, MeJunkm, Tweedy, and 
nephrectomized rafs admmistration of parathyroid extract to 

they were unableTo Pronounced resorption of bone Hovvev er, 

rat after the miectio^ r '4 nephrectomized 

expenments TwppH ^ parathyroid extract In prev lous 

observe a ?i;e m thp'"’ MeJunkm (10) were unable to 

injection of massive dr"^"f nephrectomized dog after the 
ssive doses of parathyroid extract, despite the fact that the 

'V VV the data reported here has been published (Campbell, 

y. w ft , Federation Proc , 1, pt 2, 104 (1942)) 
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serum calcium contmued to rise m the nephrectomized dog m which the 
action of parathyroid e\tract was mitiated before nephrectomy They 
concluded that the kidneys play a dommant role in the action of para- 
thyroid hormone After a study of the action of parathyroid extract on 
the serum calcium and the serum morgamc phosphate of nephrectomued 
rats, cats, and dogs, Neufeld and Colhp (11) concluded that the results of 
their experiments did not suggest a direct action of parathyroid hormone 
on the bone, but rather a direct action on the kidneys whereby the excretion 
of phosphates is mcreased 

Although interest has been centered chiefly on the kidneys and the 
bones as the sites of parathyroid hormone action, the liver has not escaped 
consideration as a possible site of action In 1932, Greenberg (12) and 
Nitzescu (13), mdependently, observed that acute intoxication of the 
liver w ith elementary P practically obliterated the serum calcium raismg 
effect of parathyroid extract m the dog After further studies on the 
effects of liver poisons, Greenberg (14) concluded that the deletenous 
effect of elementary P on the calcium-raismg effect of parath3T0id extract 
did not appear to be through an mjurious action on the bone cells More 
recently, Lederer and Crandall (15) observed a decreased effectiveness of 
parathyroid extract in mobdizmg calcium m Eck fistula dogs They 
concluded that these animals either suffer from a calcium deficiency w hich is 
secondary to a decrease m bde secretion, or that the observed effects are 
due to some endogenous relation of the liv'er to calcium metabolism 

The data obtamed m this mvestigation mdicate that parathyroid extract 
affects the distribution, retention, and excretion of radiophosphonis bj 
producmg changes m the phosphorus metabolism of the bones, the liver, 
and the kidneys 

EXPERIMENTAL 

The young adult rats, which were used m these experiments (Table II)i 
were reared on a diet of Purma fox chow , supplemented by greens and 
scraps twice weekly In most instances the paued animals were not li ef 
mates, but were of approximately the same age and weight 

The experimental animal of each pair (Table II) received a subcutaneous 
mjection of 5 ml (500 Hansen units) of parathyroid extract (Lilly ) _ 
later each animal of the pair was injected intraperitoneally with 0 o 
a solution of 7 mg of P (as Na.HPO,), contammg 10 to 15 m'crocunM 

After the administration of the Na-HP*04, the experimental 
its control were placed m separate wire bottom cages over 
separators (16), and given access to food and water At labeled 

desired period, measured from the time of the admmistration o ^ 

P, each animal was anesthetized, and sacrificed by drawing 
completely as possible 
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4 to 5 ml of the animal’s blood were transferred to a tared 10 ml Coors 
porcelain ashmg capsule, and rapidly weighed The desired tissues were 
then dissected out and placed in stoppered weighmg bottles Weighed 
amounts of the tissues were transferred to 10 ml ashmg capsules, and these 
samples, together ivith the blood and the collections of urine and feces, 
were dned overnight in an electric oven, after which the samples were 
ashed wnth hIgCNOa)* in an electric muffle at 450-500° The ash was 
dissolved in HCl and either the whole solution or an aliquot was slowly 
evaporated to nearly dryness Water was added and the evaporation 
carried to dryness to remove e\cess HCl 
The radioactivity of each test sample was measured by means of a 
Lauritsen electroscope by reference to a standard sample which represented 
a suitable aliquot of the original Na 2 HP*Ot 

Results 

Blood — The action of parathyroid extract was not evident m the blood 
With the exception of the first pair of animals (Table I) no other mstance 
was encountered m which the P” content of the blood of an experimental 
animal differed appreciably from that of its control 
Distribution and Retention — ^The two pairs of animals which were sacn- 
ficed 1 hour after the admmistration of the labeled phosphate (Table I) 
were male fitter mates When the radioactivities of their organs are 
compared on a gm basis, the accumulation of P®^ m the fiver of the experi- 
mental animal Rat E-1 does not appear to have been affected by para- 
thyroid extract, but on the same basis of comparison there appears to be 
slightly more m the kidneys of Rat E-1 than m the kidneys of its control 
On the other hand, when the activities of whole organs are compared, it 
ivill be seen that the experimental animal’s fiver contamed 16 89 per cent 
of the admmistered radiophosphoms as compared with 13 15 per cent m the 
liver of its control, while the kidneys of the twn animals contamed exactly 
the same amount of the admmistered radiophosphoms This is the only 
instance encountered m our experiments, however, m which a comparison 
of activities on a gm basis only would have led to an erroneous conclusion 
concenung the accumulation of radiophosphoms m the whole organ 
In the case of the second pair of animals that was sacrificed at the 1 hour 
mterval (Table I), as well as the three pairs which were sacrificed at the 
2 hour mterval, a comparison of activities, on either the gm basis or 
per whole organ, shows that the liver and the kidneys of the hormone- 
treated animals retained larger amounts of radiophosphoms than the 
correspondmg organs of their controls 
An exammation of the fiver and the kidneys of the hormone-treated 
animals, sacrificed at the various mtervals throughout the 48 hour expen- 



342 


EFFECT OF PVRATHYROID ON P METABOLISM 


mental penod, generally repealed a highei specific content of radiophoj 
phorus (retention) than the correspondmg organs of the controls (Table II) 
However, the femurs of the hormone-treated animals exhibited no such 
constancy m the relation of their specific content of radiophosphorus to 
that of their respective controls 

1 hour after the admmistration of the labeled phosphate, the femura of 
the hormone-treated animal Rat E-1 (Table I) contained considerably 
less than the femurs of its control, while the femurs of the hormone- 
treated animal Rat E-2 contamed only slightly less P“ than its control 
At the 2 hour mterval the femurs of the hormone-treated animals. Rats 


Table I 

Effect of Parathyroid Extract upon Diatribulion , Retention, and Excretion of Lahdcd 

Phosphorus 


All values are expressed as per cent of the administered radiophosphorus recov 
ered E represents expenmental animal, C control 


Rat 

No 

Weight 

Tune 
alter 
mjec 
Uoa of 

p« 

Blood 

Liver 

Mus* 

ck 

Femurs 

Kidneys 

Stomach 

small 

intestine 

sod 

contents 

(whole) 

IDtHllfiC 

Ud 

contents 

{wioU) 




m 

per 

per 

per 

per 

per 

per 

xliole 

per 







orian 

tm 

itit 

hone 

gm 

orian 

(m 



E-l 

204 

1 


16 89 

1 42 

0 12 

3 11 

2 55 

2 19 

1 16 

6 82 

2 32 

C 1 

204 

1 


13 15 

1 41 

0 13 

3 39 

2 92 

2 19 

1 10 

5 60 


E2 

202 

1 

0 22 

14 79 

1 SO 

0 11 

3 38 

2 80 

2 65 

1 49 

6 43 

2 32 

C 2 

204 

1 

0 24 

13 54 

1 41 

0 14 

3 45 

2 90 

2 09 

1 11 

6 43 

2 31 

E 3 

196 

2 

0 22 

10 67 

1 77 

0 17 

1 16 

1 08 

2 04 

1 32 

3 11 

2 91 

C-3 

196 

2 

0 19 

8 72 

1 34 

0 19 

1 03 

0 87 

1 70 

1 06 

3 27 

2 92 

E-4 

183 

2 

0 17 

9 03 

1 40 

0 14 

1 17 

1 07 

1 85 

1 18 

4 48 

1 31 

C-4 

175 

2 

0 19 

8 41 

1 01 

0 18 

0 97 

0 So 

1 45 

0 97 

4 47 

1 -IS 

Eo 

247 

2 

0 17 

13 14 



1 04 

0 75 

2 03 

0 99 

4 57 

1 DO 

C5 

255 

2 

0 16 

9 S9 



0 97 

0 69 

1 94 

0 93 

4 74 

1 so 


E-3 and E-4, showed a Inghei specific content of P“ than their respect!' e 
controls, while the femurs of the expenmen tal animals which were sacn 
ficed at the 4 and 8 hour intervals (Table II) exhibited about the 
specific content of P“ as that shown by then respective controls e 
8 hours the specific content of P’” m the femurs of the hormone 
ammals appears to ha'e decreased markedly In the animals 
at the 18 and 24 hour interval (Table II), the femurs of those 
parathyroid extract show a lower specific content of radiophosp 
those of the untreated rats At the end of the 48 hour 
penod, the specific content of radiophosphorus m the femurs of trea 
the untreated rats is about the same 
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The administration of parathyroid extract appears to have exerted no 
effect upon the movement of labeled phosphate into and out of the skeletal 
muscles (Table II) The vanations from the average values at the \anoib 
mtervals cannot be ascnbed to the action of exogenous parathyroid hor 
mone, since the vanations are as marked and occur as frequently in the 
control as m the hormone-treated series 

Urinary Excretion — Unne samples xveie ob tamed from one pair of 
animals (designated Rats E-2 and C-2, Table I) as early as 1 hour after the 
adimnistration of labeled phosphate (Table II) After these animals 
were sacnficed, the abdominal cavity of each was opened and a ligature 
passed around the urethral onfice of the bladder The unne sample was 
withdrawn through the xvall of the bladder and measured by means of a 
tubercuhn synnge From the bladders of Rat E-2 and its control Eat 
C-2, 0 3 and 0 5 ml amounts of unne, respectively, xvere transferred to 
ashmg capsules and the activities determmed m the manner previously 
described The urme of the hormone-treated animal Rat E 2 was found to 
contam 2 6 per cent of the admmistered labeled phosphate, while that of its 
control, Rat C-2, contained only 0 9 per cent Unfortunately this was the 
only mstance m this senes of expenmen ts (Table II) m which a sample of 
urme was obtamed as early as 1 hour after the admmistration of labeled 
phosphate Subsequent collections of unne were made in the usual way by 
collection in a metabolism cage over a urme-feces separator 

At the 4 hour interval the hormone-treated animal of one of the two 
pairs of animals shoivn m Table II excreted 34 2 per cent of the administered 
phosphate, while its control excreted only 8 6 per cent At the 8 hour 
mterval the pooled unnes of two hormone-treated animals (Table H) 
showed an average excretion of 23 4 per cent of the admmistered phosphate, 
while the pooled unnes of their controls showed an average excretion o 
20 9 per cent 

The percentages shown for the unnary excretion of at the 18 hour 
mterval (Table II) are the average values of the separate collections rom 
three hormone-treated animals and three controls The values obtaine 
for the 24 hour collections of urme of the animals sacnficed at 48 
mcluded m the average values shown for the animals sacnficed a 
24 hour mterval j 

Fecal Excretion — In both the experimental and the control group, 
variation occurred m the amount of radiophosphorus which appeare m 
collected feces (Table II) However, xvhen the per cent of radiop osp 
recovered from the feces of a hormone-treated animal was compare 
that of its respective control, nme of the eleven hormone treate 
from which feces were collected at the 18 or 24 hour mterva , 
smaller amounts of radiophosphorus m their feces than t eir 
controls 
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Separate recoveries of radiophosphorus from the intestmes and their 
contents are not given m Table II In several instances sepai-ate recoveries 
Avere made, but a comparison of activities of the mtestmal tissues revealed 
no significant difference which could be attnbuted to the action of para- 
thyroid extract However, it was found that the sum of the percentages of 
radiophosphorus recovered from the gastromtestinal tract, its contents, 
and the collected feces served as an mdication of the amount of radio- 
phosphorus passmg out by the fecal route The percentage value so ob- 
tamed was smaller in the case of each of the nme experimental animals 
mentioned above than for their respective controls 

DISCUSSION 

The results of the present mvestigation mdicate that the admmistration 
of a sufficient amount of parathyroid extract to the normal rat definitely 
accelerates the uptake of radiophosphorus by the liver Although the 
difference between the specific content of radiophosphorus in the livers of 
treated and the untreated rats at various mtervals up to 48 hours was 
variable, and not strikmgly large, calculations based on the data m Table II 
show the average specific content of radiophosphorus m the livers of treated 
rats to be 20 per cent higher than that of the untreated animals This 
observation is of particular interest, smce it suggests a direct action of 
parathyroid hormone on phosphorus metabolism m the liver 

Parathyroid extract did not appear to accelerate the uptake or promote 
the retention of radiophosphorus m the femurs The observed differences 
m the mitial uptake and specific content of radiophosphorus by the femurs 
of treated and untreated rats up to the 8 hour mterval (Table II) do not 
indicate an immediate action of parathyroid extract on the bones How- 
ever, betAveen the 8 and the 18 hour mterval (Table 11) the femurs of treated 
animals began to lose their radiophosphorus more rapidly than those of 
the untreated controls This accelerated movement of radiophosphorus 
from the femurs of treated rats could have resulted from an earlier action of 
parathyroid extract on the bones, or, as seems more likely, from the 
sustamed action of parathyroid extract on phosphorus metabolism m the 
liver and the kidneys 

Calculations based on the values given m Table II show the average 
specific content of radiophosphorus m the kidneys of rats receivmg para- 
thyroid extract to be 18 5 per cent higher than that of the untreated con- 
trols durmg the first 24 hour interval If insignificant Aanations from the 
control values are excluded (such as those shown by Rats E-1 and E-5, 
Table I), the above percentage is mcreased appreciably Whether the 
higher activities observed for the kidneys of treated rats are due to the 
concentration of labeled phosphate m the process of bemg excreted, or 
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result from a direct action of parathyroid extract on phosphorus metabolwn 
in the kidneys, cannot be determined from the present data 
Although the per cent of the administered radiophosphorus excreted b> 
the unnary and the fecal routes varied greatly for both the experimental 
animals and their controls, the excretion values usually mdicate an mcreased 
unnary and a decreased fecal excretion of radiophosphorus by the hormone- 
treated animal 


SUMMARY 

The percentage of labeled phosphate has been determmed m the tissues 
and excreta of rats treated with parathyroid extract and untreated rats 
from 1 to 48 hours after the mtrapentoneal mjection of a smgle do'e of 
NaiHP 04 , contammg radioactive phosphorus 

1 The accumulation of labeled phosphate reached higher values m the 
hver and kidneys and loxver x'alues m the femurs of rats receiving para 
thyroid extract than m their controls 

2 Throughout the 48 hour exTierimental period, a higher specific content 
of radiophosphorus xvas mamtamed m the hver and kidneys of the rats 
receivmg parathyroid extract than m their controls 

3 Dunng the last half of the first 24 hour mterval, the specific content 
of radiophosphorus dimmished more rapidly ih the femurs of the rats 
given parathyroid extract than in the femurs of their controls 

4 Parathyroid extract appeared to produce an immediate increase m 
the urmaiy excretion of radiophosphorus, and a decrease m the fecal 
excretion of radiophosphorus that was first discernible 18 to 24 hours after 
the admmistration of the labeled phosphate 

The authors are greatly mdebted to Professor E 0 Lawrence, director, 
and to Dr Joseph G Hamilton, and the rest of the staff of the Radiahon 
Laboratory of the Umversity of California for supplymg the radiopbos 
phorus used m these experiments This uork was also aided m part y 
Grant 535 from the Amencan Medical Association, and by a gift of para 
thyroid extract from Eh Lilly and Company 
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SEPARATION OF OXYTOCIC AND PRESSOR PRINCIPLES OF 
POSTERIOR PITUITARY EXTRACTS* 

By ALBERT M POTTS and T F GALLAGHER 
(From the Department of Biochemistry of the University of Chicago, Chicago) 

(Received for publication, April 13, 1944) 

In 1928 Kamm, Aldrich, Grote, Rowe, and Bugbee (1) reported the 
separation of extracts of the posterior lobe of the pituitary gland into two 
fractions, respectively rich in oxytocic and in pressor activity, by fractional 
precipitation from 98 per cent acetic acid solution by acetone and ether 
and petroleum ether An analogous process by Stehle and Fraser (2) 
mvolved fractional precipitation from mixtures of alcohol and ethyl acetate 
Irvmg, Dyer, and du Vigneaud (3) likewse effected a considerable separa- 
tion by electrophoresis These reports confiimed the results of earlier 
mvestigations, particularly those of Dudley (4), who had concluded that 
the two pnnciples differed m chemical and physical pi operties as well as in 
pharmacological action 

The preparation of two separate chemical fractions possessing the phar- 
macodynamic activities of the posterior pituitary has never been universally 
accepted as satisfactory evidence for the production of two substances by 
the gland Certam mvestigators, notably Abel (5), held that the pro- 
cedures used in separation of the pnnciples were sufficient to cleave a 
hypothetical large molecule into smaller fragments Rosenfeld (6) found 
that when press-juice from posterior lobes was subjected to ultracentnf- 
ugation fractions containing both pressor and oxytocic activity were 
sedimented at the same rate, in contrast to the products of Kamm which 
did not appreciably sediment under similar conditions On the other 
hand, Irvmg and du Vigneaud (7) showed that the pressor component m 
fresh pressed juice from bovine pituitaries migrated more rapidly in electro- 
phoretic experiments than the oxytocic principle The best evidence for a 
smgle active component is given by van Dyke, Chow, Creep, and Rothen 
(8) who have described a homogeneous protem obtamed from beef pituitary 
which contained the pressor, oxytocic, and antidiuretic hormones m 
constant ratio 

The present work was undertaken to provide a satisfactory procedure for 

* A preliminary report of this w ork waa made before the Thirty fifth annual meet- 
ing of the American Society of Biological Chemists (Proc Am Soc Biol Chem , J 
Biol Chem , 140, p cm (1941)) 

This investigation was financed by grants from Armour and Company, the Com 
mittee for Research in Endocrinology of the National Research Council, and the Dr 
Wallace C and Clara A Abbott Memorial Fund of the University of Chicago 
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obtaining the separated principles for chemical investigation Of the 
vanous adsorbents reported (9-11) to remoie postenor lobe hormones 
from solution, we found that zeolites showed a preferential adsorption of 
the pressor hormone Accordingly, experiments were directed toward an 
efficient chromatographic separation with an adsorbent of this class A. 
readily available artificial zeolite is Decalso which, when ground to 70 
mesh, IS marketed as “permutit accordmg to Folin ” Solutions of pos 
tenor lobe extract are readily separated upon this zeolite The procedure 
has the marked advantage that it can be applied to simple aqueous ex 
tracts of defatted pituitary powder and separation of the two activities can 
be achieved m the first stage of punfieation 

EXPERrMENTAL 

Biological Assay — Oxytocic assays were made by means of the fowl blood 
pressure method of Coon (12) The vasopressor assays were conducted 
on cats anesthetized with phenobarbital The U S P reference standard 
was employed throughout The accuracy of the pressor assay under 
favorable conditions is ±20 per cent, assay by the fowl blood pressure 
method for oxytocic activity is somewhat more accurate 

Preparation of Extracts and Separation by Adsorption on Zeolite 

025 Per Cent Acetic Acid Extracts — ^The adsorbent in each case was 
10 gra of “permutit according to Fohn,” packed into a column (1 2 cm 
mside diameter) while m suspension m 0.25 per cent acetic acid The 
final column dimensions were 1 2 X 17 cm The rate of flow by gravity 
alone was sufficient The extract was made by triturating 15 gm o 
acetone desiccated postenor lobe powder with 150 ml of 0 25 per cent 
acetic acid, heatmg to boilmg, and filtenng on a Buchner funnel with e 
help of 9 gm of Hyflo Super-Cel The filter cake was reextracted wr 
another 100 ml of 0 25 per cent acetic acid, and the two extracts wcfS 
combined 

For each experiment either 40 or 50 ml of the above solution were 
poured through the permutit column, and the filtrate was coliectc 
Fraction 1 This was followed by two 100 ml portions of 0 25 pec 
acetic acid, collected as Fractions 2 and 3 respectively in 

remammg pressor hormone was eluted by 100 ml of 5 per cent i n 
0 25 per cent acetic acid This is Fraction 4 Three typical expen® 
are recorded m Table I . {jjg 

Aqueous Extracts — The followmg experiments were analogous 
precedmg ones, with the important difference that the extrac ion 
pituitary powder and the elution of the column were roa e 
mstead of 0 25 per cent acetic acid as the solvent To prepare 



K M POTTS AND T F GALLiGHEF 


351 


solution, 4 0 gm of posterior lobe powder were triturated with 100 mf of 
redistilled water and the insoluble material centrifuged out at high speed 

Table I 


Separation of Oxytocic and Pressor Fractions from Acetic Acid Extracts of Pituitary 

Powder ^ 



Experiment 134 

Experiment 135 

Experiment 147 

1 


units 

units 

units 

Before adsorption 

Oxytocic j 

920 

880 

1150 


Pressor 

880 

800 

1100 

Fraction 1 

Oxytocic 


160 

240 


Pressor 

80 

40 

91 

“ 2 

Oxytocic 

400 

332 

320 


Pressor 

SO 

60 

150 

“ 3 

Oxytocic 

200 

166 

[ 174 

1 

Pressor 

100 

lOO 

34 

4 

Oxytocic 

250 

250 

220 


Pressor 

! 450 

1 

600 

750 

Total activity re- 

Oxytocic 

1010 

908 

954 

covered 

Pressor 

I 710 

1 

800 

1025 


Table II 


Separation of Oxytocic and Pressor Fractions from Aqueous Extracts of Pituitary 

Powder 



Experiment 194 

Experiment 195 

Experiment 196 



units 

units 

units 

Before adsorption 

Oxytocic 

1750 

1750 

1750 


Pressor 

1600 1 

1600 

1600 

Fraction 1 

Oxytocic 

1500 

1300 

1350 


Pressor 

230 

230 

150 

“ 2 

Oxytocic 

500 

500 

450 


Pressor 

100 

150 

84 

“ 3 

Oxytocic 

26 




Pressor 



40 

“ 4 

Oxytocic 

160 

220 

200 


Pressor 

1000 

1000 

1000 

“ 5 

Oxytocic 

1 

26 

20 


Pressor 

100 

72 

80 

Total activity re- 

Oxytocic 


2046 

2020 

covered 

Pressor 

■■1 

1452 

1354 


The residue was extracted twice more ivith 50 ml of water, each tune m a 
similar manner In these experiments the extractions were made at room 
temperature and the solutions were not heated The extracts were 
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cliromatographed as m the previous eN^penments, the pressor fractions iiere 
eluted ivith 10 per cent sodium chloride solution (Fraction 4) and an 
additional fraction was collected by washing with 10 per cent sodium 
chlonde m 5 per cent acetic acid (Fraction 5) In each of the e\periraents, 
the startmg solution was 50 ml of the same extract The results are 
recorded in Table II 

Removal of Pressor Activity by Repealed Adsorption 

Two experiments were conducted wnth aqueous extracts similar to tho^e 
recorded m Table II, but m addition the oxjtocic fraction was poured 
through a second permutit column identical with the first, m order to 
ascertam how much additional pressor hormone could be remoied b> a 
second passage 

1 5 gm of posterior lobe powder were extracted three times with re- 
distilled water, by use of 30, 25, and 20 ml portions, and the imextracted 


Table III 

Repealed Adsorption of Oxytocic Fractions 


Fracuon 1 ' 


Experunent 
19S ! 

nj 

Eaperunenl 

199 

lUUd, 

oxrtooc 

prtisor 







After let adsorption 

Oxj tocic 

2000 

B 


6 7 


Pressor 

400 


“ 2nd “ 

Oxytocic 

1600 

H 


11 6 


Pressor 

200 




residue was removed by centrifugmg at high speed 50 ml of this extract 
were used m each experiment All columns were 1 2 X 17 cm , 10 gm e 
permutit were used Smce the startmg extract was milLj m appear^re 
and remamed so m the eluate, the water entrained m the column 
elinunated by collectmg the first fraction when the milky liqmd appM 
The entramed solvent, which amounted to 13 ml , was mactiie an "aa 
discarded Fraction 1 represents the 50 ml of startmg matenal 
The 50 ml of mitial extract contamed 2000 units of oxytocic an 
umts of pressor activit} In each case after removal of a small aliquo 
assay. Fraction 1 was poured through a second fresh column and 
milky eluate only was collected The results are recorded m Ta e 
This last experiment was repeated with the same extract an 
eluate was twice again chromatographed, wnth 10 gm of permuti 
adsorption The results are recorded m Table IV noatenor 

Separation of Larger Quantities — 105 gm of acetone-desicca git^red 
lobe powder were tnturated wath 3 hters of redistilled water an 
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with the aid of Hyflo Super-Cel The residue was extracted with 2 more 
hters of water and the extracts combmed It may be noted that filtration 
IS very slow and centrifugation is preferable 
A large column, 5 X 102 cm , of permutit was prepared with 1 kilo of 
adsorbent The pituitary extract was allowed to pass through the column 
by gravity and was followed by a 3 liter portion of water Both filtrates 
were combmed as Fraction 1 The column was then washed ivith 4 hters 
of 10 per cent NaCl solution, designated as Fraction 2 Fraction 1 was 
poured through another column of permutit (1 kilo) and the col umn 
washed once with 3 liters of water The combmed filtrates were assayed 
as Fraction 3 Here, too, the turbidity of the extract mdicated when the 
active material had started to come through, so that liquid mitially present 
m the col umn was separated and discarded The results of two expen- 
ments are recorded m Table V 


Table IV 


Repeated Adaorplton of Oxytocxc Fractions 
Experiment 200, Fraction 1 



After ODC 
adsorption 

^ . oxytocic 

Ratio — 

pre&sor 

After two addi 
tional adsorp* 
tions 

IUt.o 

pressor 


untU 


uniti 


Oxytocic 

1925 


1750 

20 

Pressor 

154 


85 


Separation of Oxytocic and Pressor Activity from Fresh Glands — Smce the 
ordmary methods for collection and desiccation of posterior lobes offer 
opportunities for secondary changes in a protem molecule, the foUowmg 
experiments were performed with the view of mmimizmg such alterations 
m the hormope or hormones In Experiment 189 (Table VT), the pitui- 
tanes were obtamed at the slaughter-house, at the time the glands are 
ordmanly removed from the head, and were immediately frozen on solid 
CO 2 The beef pituitary gland is ordmarily not removed from the skull 
until 1 hour or longer after death, smce the rest of the carcass must pass 
mspection before the head is opened This seemed to offer possibihty for 
postmortem change and therefore, with the cooperation of Armour and 
Company and a representative of the Bureau of Animal Industry, lie 
collected some twenty-five glands which vere removed and frozen on COi 
ivithm 10 minutes after the death of the animal The results wth these 
glands are given m Experiment 191 The pituitanes were dissected while 
frozen and dehydrated m a high vacuum Toward the end of the dehydra- 
tion the flask contammg the glands was chilled m a salt-ice mixture, so 
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Table V 

Large Scale Separalton of Pressor and Oxytocic Fractions from Aqueous Extracts o] 

Pituitary Powder 



Eipenmeot 207 

Ezperunent 212 


! 


unxlx 

Before adsorption^ 

Oxytocic 

147,000 

160,000 


Pressor 

138,000 

130,000 

Fraction 1 

Oxytocic 

171,000 

140,000 


Pressor 

16,000 (Approximate) 

5,000 (Approximate) 

“ 2 

Oxytocic 

18,400 



Pressor 

140,000 

120,000 

“ 3 (2nd 

Oxytocic 

168,000 

192,000 (f) 

adsorption of 

Pressor 


• 

Fraction 1) 





* The responses in the pressor assay of these samples are completely atypical 
Instead of the normal nse from a bose-hne these high oxytocic samples mvanably 
show a preliimnary drop followed by a return to normal or beyond This secondaiy 
nse appears to be compensatory for the drop and ordinarily its magnitude appears 
proportional to the sue of the previous fall For this reason, assays for pressor 
activity in samples such as Fraction 3 are completely unreliable 


Table VI 

Separation of Pressor and Oxytocic Fractions from Glands Subjected to Minimal 
Denaturation and Autolysis 



Experunent 189* 

Eipeiuneal 

Extract ml 

1 

5 7 

7 5 

Powder extracted mg 

1 

85 




unils 


Fraction 1 

Oxytocic 1 

88 

72 


Pressor 

8 

5 

“ 2 (10 ml water) 

Oxytocic 

3 

5 


Pressor 

2 


“ 3 (10 “ “ ) 

Oxytocic 

3 

10 


Pressor 

1 2 


“ 4 (10 “ 0 25% acetic 

Oxytocic 

1 ® 

10 

acid) 

Pressor 

1 3 


Fraction 5 (10 “ 10% NaCI) 

Oxytocic 

7 



Pressor 

62 



* Glands remo^ed from head approximately 1 hour after slaughter 
f Glands removed from bead approximately 10 minutes after slaug ter 


that at no tune, until all water had been remoxed, were the glan 

to a temperature higher than 0° The dried posterior lobes um 

wuth 30-60° petroleum ether, powdered, sifted, and dned m a ig 
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before extraction Table VI records the results of two typical experiments 
in which these powders were extracted with redistilled water as before and 
poured over 10 gm of permutit 

DISCUSSION 

These experiments present a rapid, simple, and convement method for 
separation m high yield of the oxytocic and pressor pituitary prmciples by 
an adsorption process As the adsorbent used is capable of exchangmg 
cations ivith the solution with which it is m contact, the pressor hormone, 
which has been shoivn to be a more basic ampholyte (7) than the oxytocic 
principle, is adsorbed by this “base exchange” substance The more basic 
character of the pressor hormone is consistent with the higher argmme 
content of this fraction (13) The degree of punfication effected in this 
procedure is not great, estimations of sohds were not made because of the 
high salt content of extracts after passage through permutit The sepa- 
rated prmciples, how ever, offer a marked advantage for the further purifica- 
tion of the two products, smce the losses are slight and the separation of the 
two activities is fairly complete 

In these experiments, a careful effort was made to avoid any alteration 
of the hormone molecules other than exposure to the surface of the zeolite 
As the effect of this agent on a protem molecule such as van Dyke, Chow, 
Creep, and Rothen (8) have described has not been mvestigated, it is 
unknoivn whether permutit effects a separation of the biological activities 
from the protem 

The protem isolated by van Dyke el al (8) represents about 5 per cent of 
the total biological activity which may be extracted from the gland by 
efficient methods Of the remammg 95 per cent, a significant fraction is 
dialyzable We have made similar observations on aqueous extracts of 
the gland before and after adsorption on permutit * A significant propor- 
tion of the activity of the glandular extracts is eindently associated with 
relatively small molecules The activities of the separated principles are 
qualitatively identical ivith those of the protem molecule from which they 
are cleaved, judged by the biological assay procedures which have been 
applied to the products That they are not quantitatively identical is 
mdicated by the foUowmg calculation van Dyke et al have stated that 

0 061 mg of protem is the equivalent of 1 oxytocic unit Potts and 
Gallagher (13) ha\e calculated a nummum molecular weight of approxi- 
mately 1300 for the oxytocic fraction from the cystine and tyrosine content 
of highly purified preparations, m which 0 0014 mg was the equivalent of 

1 U S P umt From the molecular weight of the protem (30 000) it 
can be calculated that 4 3 per cent is oxytocic hormone, assummg a mmi- 

* Unpublished experiments Dr John. \ Vaichulis 
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mum molecular weight of 1300 for this substance Accordingly the 
oxytocic umt of the separated prmciple (if this ^\ere obtamed unaltered in 
activity) should be 0 061 mg X 0 043 = 0 0026 mg of solids Since the 
preparations studied by Potts and Gallagher were almost twee as potent 
as this, it IS obvious that either the protem was impure or the biological 
activity IS quantitatively different in the protein and m the separated 
prmciple 

The procedure by which the two activities of the posterior pituitary can 
be separated is so simple, and so high a percentage of the total activity can 
be extracted, that the conclusion that a smgle protem with mulbple 
biological activity is the hormone of the posterior pituitary seems un 
warranted 


SUMMARY 

A simple and convement method for the separation of the oxytocic and 
pressor prmciples from aqueous extracts of desiccated postenor lobes has 
been described The pressor prmciple is adsorbed on “permutit according 
to Folm,” whereas the oxytocic prmciple is apparently not adsorbed 
Elution of the pressor substance was accomplished with sodium chlonde 
solution High yields of the separated principles were obtamed 

The authors ivish to express their appreciation to Miss Lillian Hunter 
who performed the biological assays, to Professor E M K Geilmg who 
provided space for the assays and helped us with the dissection of the 
fresh glands, and to Professor E A Evans, Jr , who made many sug 
gestions m the preparation of the manuscript 
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MICRODETERMINATION OF VOLATILE FATTY 
ACIDS IN BLOOD 

By j p McClendon 

{From the Research Laboratory of Physiology, Hahemann Medical College, 

Philadelphia) 

(Received for pubhcation, April 5, 1944) 

Volatile fatty acids (VFA) may be separated by fractional distillation, or 
a mixture of two or three determined by mathematical analysis of the 
distillation curve Duclaux (1) distilled directly, Dyer (2) distilled with 
steam, and Olmsted, Whitaker, and Duden (3) from a saturated solution 
of magnesium sulfate Such methods require higher concentrations of 
VFA than are present in protem-free filtrates of blood from the normal 
general circulation If the distillate is to be made alkalme, evaporated, 
and redistilled to obtam the distillation curve, larger quantities of blood 
than are usually available are reqmred The folloivmg method is usually 
limited to total VFA (4) Only m blood folloivmg intravenous injections, 
portal blood durmg absorption, or m concentrates of large volumes of 
blood distillate have individual acids been determined 

Procedure 

Blood is draivn m a graduated syrmge and spurted mto 5 times its volume 
of 2 per cent ZnS0«-7H20 and mixed (At this point it may be refngerated 
if the determination cannot be made immediately, but changes do take 
place and samples showmg the broivn color of methemoglobm give ab- 
normal values ) 12 cc are mixed ivith 2 cc of half normal NaOH and 

centrifuged or filtered 7 cc of this Somogyi (5) filtrate are considered 
the equivalent of 1 cc of blood and are mtroduced mto the still at A, Fig 1, 
by means of a 7 cc pipette 0 5 cc of syrupy phosphoric acid (that has had 
steam blown through it while hot) is added at A Coolmg uater is circu- 
lated through the condenser and a 50 cc Erlenmyer flask mth a mark at 
30 cc IS placed under C Micro burners are hghted under the glycerol 
bath and steam generator, and when the bath reaches 120° the stopper is 
mserted m A, causmg steam entermg B through a rubber tube to bubble 
through the filtrate m the still The burners are regulated so that the 
bath remams at 120° and the water seal opposite E is not broken while 
30 cc of distillate are collected 3 drops of 0 04 per cent brom-thymol 
blue are added to the distillate and air that has passed through sodium 
hydroxide solution and wet permutit is bubbled m a fine stream through it 
for 10 minutes and durmg the titration It is titrated ivith 0 01 ^ COj-free 
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NaOH in a Lochte and Hoover (6) burette graduated in thousandths of a 
cc to the color of a standard of 30 cc of COj-free water, 3 drops of indicator, 
and 3 mg of sodium acetate The end-pomt is vien ed m front of a dayhght 
fluorescent lamp ^vith a flashed opal glass diffuser 
A blank determination is made by substituting Rmger’s fluid for an equal 
quantity of blood The titer of this blank is subtracted from the titer of 
blood 



Fiq 1 Alicro still of 50 cc capacity A stoppered intake, B inlet for steam, C 
outlet for distillate, D hole in trap, E annular (0 25 mm ) space at lower margin of 
trap to be closed by water seal The space may be smaller and does not have to be 
uniform, but must not be larger 

The stdl IS emptied by suction at B while the stopper remains m A, and is 
nnsed by suction while a small beaker of distilled t\ater is held under C 
A battery of four stills can be run at the same time 


DISCUSSION 

The chief advantages m the still shown m Fig 1 are its small size (50 cc), 
absence of ground jomts, and very efficient trap The trap is an mvert 
test-tube m the neck of the distilling flask with a hole opposite D throug 
which any spray is projected onto the wall of the flask nlule the gap oppn 
site E IS closed by a water seal The glass-blower is instructed to test t e 
water seal to see that it will hold agamst gravity Smce the force ° ® 

steam is opposed to gravity, the seal wall stand the pressure due to a air 
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rate of distillation The temperature, 120°, of the bath i\as found to be 
correct for mamtaining the volume m the still at 7 5 cc Therefore the 
temperature m the still is only slightly above 100° and the msertion of a 
thermometer withm the still itself is unnecessary A mixture of glycerol 
(or permanent antifreeze) and water that boils at 120° may be mamtamed 
by adding water to a mark on the bath as it boils away, or the temperature 
may be mamtamed by regulatmg the burner 

Performance of Shll with Known Fatty Acids — Smce blood is diluted 7 
times in deproteinizmg, 1 cc of acid of the recorded strength iias mtroduced 



Fig 2 Distillation rates, e\pres 3 ed as cc of distillate on the abscissa and per cent 
of fatty acid distilled on the ordinate, when the still is charged ivith 6 cc of water, 
0 5 cc of phosphoric acid, and 1 cc of one of the following acids (Curve A) 0 02 N 
caproio, (Curve B) 0 02 N butyric, (Curve C) 0 02 N acetic (dash line, 7 cc of blood 
filtrate representing 1 cc of VFA-free blood and 0 02 cc of 1 x acetic acid), (Curve 
D) 0 02 N formic, (Curve E) 0 1 n pyruvic, (Curve F) 0 02 N /3-hydroxybutync , (Curve 
G) 0 I N lactic 

mto the still tvith 6 cc of water The distillation rate of acid is loitered by 
this dilution On the other hand, if the blood filtrate were concentrated 
to the volume of the original blood before distillation, HCl tvould distil 
and interfere with the titration 

Fig 2 shows the distillation curves of a number of made by titratmg 
each 5 cc portion of the distillate The dash Ime represents 0 02 cc of 
normal acetic acid added to each cc of VFA-free blood, followed by the 
usual procedure except for the separate titration of each 5 cc portion of the 
distillate The close parallel to the solid line for acetic acid mdicates that 
it IS not appreciably adsorbed by the zinc hydroxide Fig 2 shows that 
0 02 N caproic acid is all distilled m 20 cc , 0 02 n butync or acetic acid m 
25 cc , whereas only 85 per cent of 0 02 n formic acid is distilled m 30 cc 
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Only 12 per cent of 0 1 n pyruvic acid, 7 per cent of 0 02 n /3 hydroxybutync 
acid, and 1 per cent of 0 1 n lactic acid are distilled in 30 cc The distiUa 
tion rate depends on the ratio of the non-polar (CHj) groups to the polar 
(COOH, CO. and COH) groups 

The concentrations in the still that gave distillates of 30 cc of zero 
titration were 0 00002 n caproic, butyric, or acetic acid, 0 0002 n pyruvic 
acid, 0 0006 n |3-hydro\y butyric acid, and 0 007 n lactic acid 

In order to obtain an unmistakable qualitative test for acetic acid inth 
lanthanum nitrate, iodine, and ammonia (Feigl (7)) it was necessary to 
distil the protein-free filtrate of a pint of blood, make it alkaline, evaporate 
to the volume of 2 drops, and distil 1 drop m a 5 cc micro-Kjeldahl still 
with the receiver cooled in a freezing mixture 
Although not enough hydrochloric acid distils from blood filtrates to giv e a 
qualitative test with silver nitrate, theoretically some should come over, 
hence the blank was made by treatmg Rmger’s fluid m the same way as 
blood 

The VFA of normal human or dog venous blood is 0 0003 N In certam 
experiments m which acetate was mjected into the vem or introduced mto 
the alimentary canal the value rose to about 0 003 N and it is probable that 
90 per cent of this was acetic acid 


SUMMARY 

1 A rapid method for the determmation of volatile fatty acid m the 
filtrate of 1 cc of blood is descnbed 

2 Distillation curves for different acids as they would distil from blood 
filtrates are figured 

3 The titer of volatile fatty acids of normal blood from the general 
circulation of man or dog (after subtraction of the blank) is 0 0003 n 

Thanks are due to K A C Elliott for suggestions, Thomas M Walton 
of the Precision Thermometer and Instrument Company. Phdadelphia, for 
stills that reduce breakage, Dr Harry M Eberhard for blood samples, an 
R, H Hamilton for pure pyruvic acid 
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COMPARISON OF CRUDE AND PURIFIED PREPARATIONS OF A 
LEUGYLPEPTIDASE ASSOCIATED WITH BEEF MUSCLE* 

By SIGMUND SCHWIMMEE 

(From the Enzyme Research Laboratory, Bureau of Agricultural and Industrial 
Chemistry, Agricultural Research Administration, United States Department 
of Agriculture, Albany, California) 

(Received for publication, March 20, 1944) 

Berger and Johnson (1) have established the existence of a peptidase 
which IS activated by magnesium and manganese salts and is particularly 
adapted to splitting initial leucme residues from peptides The emryme 
has been found in hog erepsin, and m several species of plants and bactena 
It IS thus of wide-spread occurrence A similar enzyme has now been found 
m association ivith beef muscle Some of the properties of a purified prepa- 
ration of this peptidase have been studied and compared with those of a 
crude glycerol extract of beef muscle As a result of this comparison it 
appears that more than one peptidase occurs in muscle The crude ex- 
tract IS capable of hydrolyzmg peptides other than leucyl peptides, whereas 
the purified enzyme is not 


Methods 

Determination of Aclivitif — ^3 ml of enzyme solution plus 1 ml of water 
or heavy metal salt solution (as an activator) were added to 65 8 mg of 
df-leucylglycme dissolved m 3 ml of 0 1 m ammonia-ammonium chloride 
buffer This was equivalent to 0 05 nm of peptide per ml of digestion 
mixture At vanous times durmg the digestion at 40°, 1 ml was re- 
moved and titrated ivith 0 01 n NaOH by a fonnol method (2) In this 
case an mcreased titration of 5 ml would be equivalent to 100 per cent 
sphttmg of the (racemic) peptide 1 activity unit, [Pep u], has been 
defined as the quantity of enzyme which will cause 5 per cent total hydroly- 
sis of the df-leucylglycme m 1 hour at 40° 

Preparation of Purified Enzyme — 200 gm of ground lean meat, previ- 
ously frozen, were stirred mto 400 ml of a solution prepared by mixmg 1 
volume of glycerol ivith 1 volume of water The pasty mass was filtered 
by gravity overnight at 1° The extract nas stored at — 17 8° 

It 13 referred to as the crude extract To 300 ml of this extract, 110 
ml of cold acetone were added The muxture nas centnfuged at —10° 

* Enzyme Research Laboratory Contribution No 91 This work was done on 
Bankhead-Jones funds Some of the results are from a thesis submitted to George- 
town University in 1941 bj Sigmund Schwimmer m partial fulfilment of the require- 
ments for the degree of Master of Science 
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Another 110 ml portion of acetone was then added to the supernatant 
liquid The precipitate resulting from the second addition of acetone nas 
centrifuged out, and then dissolved in 150 ml of 0 1 N ammonia ammonium 
chlonde buffer, pH 8 0 Ammonium sulfate was added to the solution 
to the pomt of 0 65 saturation and the precipitate so produced was removed 
by centrifuging and dissolved in 20 ml of water To this solution were 
added 6 ml of a solution saturated with respect to ammonium sulfate and 
0 015 N with respect to acetic acid The precipitate so formed was dis 
carded The supernatant was made 0 5 saturated with ammonium 
sulfate, resulting m a precipitate of protein very nch m enzyme This 
precipitate was dissolved m 10 ml of 30 per cent glycerol The punfica 
tion achieved by this procedure (Table I) resulted m a 24-fold mcrease in 
activity, m imits per mg of protein nitrogen About two-thirds of the 
activity of the ongmal glycerol extract was lost during punfication 

Tabia: I 


Purification of Beef Leucylpeplidaee 



1 Specific activity 

Reco\cry of «ii>'«e 

FeepomUoa 

[Ptp u] 

L G 
mg P N 

ff'P “]m:PX 


No activator 

OAOlvMsCIi 

OXOluM&Cl} 

Crude glycerol extract 

Protein in ammonia-ammomum chlonde 

1 00 

2 4 

700 

solution 


15 

300 

Final preparation 

22 

57 

200 


Results 

Activalton by Manyanese, Magnesium, and Copper — Manganese salts were 
most eflfective m mcreasmg the activity of the crude glycerol extract on 
leucylglycme Magnesium and copper were also effective, while iroo 
had little e6fect (Table II) Cyanide and cysteme did not materially a ec 
the results The activation of the punfied leucylpeptidase by J a 
found (Table I) to be the same, x e , activation resulted in approximate) 

2 5'fold mcrease m both cases u a i les 

Course and Extent of Hydrolysis — ^Fig 1 shows that the enzyme hyro) ^ 

dl-leucylglycme to a maximum of 50 per cent The courses of ) 
of this substrate by the crude and punfied preparations are about e 
The shape of the curve is typical of enzyme reactions when e 
IS not very dilute, the velocity is independent of the 
tion until the latter is sufficiently small to result in a typica 
curve That is, the initial concentration of substrate is apparen 
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higher than the value (the dissociation constant of Michaehs and 
Menten) for this particular enzyme The use of high substrate concentra- 
tions seems to be a common practice m peptidase studies (3, 4) 


Table II 

Effect of Salts on Acttmly of Crude Extract 


Salt added 

Concentration 

I0-* M 1 

1 

1 icr<ii 

1 No salt added 

Per cent hydrolysis (0 5 ml extract, 1 hr )* 

Control 




12 5 

MnClt 

12 

27 

22t 


Peso, 

10 

12t 

13 


MgCl, 

19 

16 

14 


CuSOi 

18 

20 



NaCN 

10 

13 


1 


* dl-Leucylglycine uaed as substrate 

t Pnor addition of cysteine (0 005 u) gave a corresponding value of 20 5 for MnCIi 
and 13 6 for FeSOi 



PiQ 1 Course and extent of li 5 droIjsi 3 by purified enzyme (Curve 1) and crude 
extract dZ-Leucylglycine was used as substrate in the presence of 0 001 ii MnCI:, 
0 40 mg of purified enzyme and 0 50 ml of crude extract were used 

The kmetics of the purified leucylpeptidase and also the extent of 
activation (about 2 5 fold) obtamed with manganese are essentially the 
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same as were observed vath the crude extract The enzyme appears to 
have undergone little if any change Purification has, however, remoied 



pH 

Fig 2 pH optima of punfied enzyme (Curve 1) and of crude extract (Curie 2), 
in the presence of 0 001 m added Mn 


Table IH 

Specifietly of Punfied and Cnde Enzyme 


Substrate 0 05 nui per ml 

Per cent hydrolysis (2 hrs ) 

pH 

Furibed enzyme 

Crude 

glycerol 

eitract 

0 027 m; 

pli 

0 1 mb 

dZ-Leucylglycine 

34 1 

7 95 

9 

78 

tf 

24 

7 1 



df-Leucyldi glycine 

25 1 

6 9 

50* 

7 5 

Glycyl-Z-leucine 

0 8 

7 1 

7* 

6~3 

Glyoylglycine 

0 2 

4 0 

20* 

6 7 

(< 

0 0 

7 5 



Glycyl-Z-alamne 

0 0 

7 5 



Glycine anhydride 

0 2 

7 0 



dl- Alanylglycine 

0 0 

6 8 

50* 


dl-Alanyl-dl-alanine 

0 0 

7 5 



Chloroacetyl-o-mtramline 

0 0 

7 2 



m-Nitrobenzoylglycine 

-0 3 

7 0 


37 

Cathepain hemoglobmt 

0 0 

3 7 

-f 

Trypsin hemoglobmt 

0 0 

7 4 


— 


• Hydrolysis after 20 hours 
t Determined accordmg to Anson (5) 


completely the power to split alanyl or glycyl peptides e i ^ 
seems allowable that another peptidase has been removed, mt 
substance that causes leucylpeptidase to digest other pepti es as 
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pH Optima — The pH optima of the two preparations assayed m the 
presence of 0 001 M MnCU are quite different (Fig 2) The optimum for 
the purified enzyme at pH 8 3 is additional mdication that the enzyme is 
similar to that previously descnbed (3) 

Specifiaty — The purification has resulted m a highly specific, as well as 
active preparation Table III shows the action of the two preparations 
on various substrates Of the peptides tested only dMeucylglycine and 
dZ-leucyldiglycme were hydrolyzed by the purified enzyme In agreement 


Table IV 

Stabilily of Punfied Enzyme toward Dialysis 


Condition of expenment 



No activator 

0 001 u MnCIi 

No dialysis of glycerol solution 

22 

50 

0 75 ml glycerol solution -f 0 75 ml H,0 dialyzed 
against distilled HiO at 0“ for 3 days 

12 

25 

0 75 ml glycerol solution 0 75 ml 0 005 m MnCh 
dialyzed against 0 001 m MnClj for 3 days at 0° 

2 

17 


Table V 

Survival of Crude Enzyme 4s Function of pH at 0° 


pH 

Per cent activity remaining after* 

2hrs 

19 brs 

2 95 

3 

0 5 

3 75 

95 

21 

5 90 

100 

98 

8 70 

96 

94 

10 00 

97 

80 


* df-Leucylglycine used as substrate in presence of 0 001 M MnCIi 


ivith Johnson et al (3), the rate of splittmg of leucylglycme is equal to that 
of leucyldiglycme at the same pH The maximum hydrolysis of leucyl- 
diglycme corresponded to the splitting of one bond per molecule 
Stability — The punfied enz 3 rme proved to be rather unstable Storage 
of an aqueous solution at 0“ for 2 weeks resulted m a 75 per cent loss m 
activity Glycerol stabilized the enzyme The stabilizing effect of glycerol 
and the mstability of peptidases m dilute aqueous solution are m agree- 
ment with previous observations (6) Paralleling the results of Smith and 
Bergmann (7) on the stability of leucylpeptidase m hog erepsm, the punfied 
enzyme was shown to be less stable m the presence of manganese than m 
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water (Table IV) The amount of manganese present durmg this dialysis 
was roughly a tenth of the quantity required for maximum activation, 
hence the mcrease m activity observed on the addition of more manganejc 
to the dialyzed material 

The survival of the crude enzyme at various pH \alues after 2 and 19 
hours IS shown m Table V 


SUMMARY 

A highly active specific enzyme capable of hydrolyzmg leucyiglycme and 
leucyldiglycme, but not simple glycme or alanme peptides, has been found 
associated with beef tissue Its properties have been compared mth a 
crude glycerol extract of beef muscle The properties investigated indicate 
that the punfied enzyme is a leucylpeptidase, whereas the starting matenal 
contamed more than one peptide-splittmg enzyme 
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INFLUENCE OF SOME SULFUR-CONTAINING COMPOUNDS ON 
LIVER LIPID CONTENT OF YOUNG WHITE 
RATS 

By EUGENE ROBERTS and H C ECKSTEIN 

{From the Department of Biological Chemistry, Medical School, University of 
Michigan, Ann Arbor) 

(Received for publication, April 21, 1944) 

Recent studies m hpid metabolism have shoivn that a relationship avists 
, between the content of sulfur-contammg amino acids of the diet and the 
percentage of “fat” m the liver Large amounts of hpids (20 to 30 per cent) 
are deposited m this organ when a ration high m fat, low in protem, and 
deficient m chohne or its precursors is fed to the young white rat for a 
comparatively short tune (2 weeks) This accumulation of unusual 
amounts of “fat” m the hver can be prevented by merely supplementing 
such a diet ivith 0 5 per cent of methionme On the other hand a mobihza- 
tion of additional amounts of lipids mto this organ is observed when 0 5 
per cent of cystme is added to the ration It is generally beheved that 
methionme exerts this so called lipotropic action by transmethylation, 
whereby its labile methyl group is used for the synthesis of chohne Nu- 
merous methylated compounds have been studied with regard to lipotropic 
effect (c/ Moyer and du Vigneaud (1) for a summary of the literature) 
It IS clear from their summation that not alj methylated products are 
lipotropic but no good reason has been presented to explam the mactivity 
of some and the activity of others Different explanations have been giv en 
to account for the deposition of additional amounts of “fat” m the liver 
when cystme is added to the above ration According to Griffith (2) the 
additon of cystme to such a diet may improve the nutritional state of the 
animal to such an extent that the cholme requirements are increased In 
contrast to this it has been suggested that this ammo acid exerts a direct 
toxic effect on the animal Smythe (3) believes that the action of the acid 
may be attributed to the liberation of hydrogen sulfide by an enzyme oc- 
curring m the hver It v\as the purpose of this investigation to obtain 
additipnal data relatmg to these opposmg effects of methionme and cystine 
The method of attack consisted in administering (intraperitoneally m 
most cases) substances containing sulfur to young male rats on a diet u hich 
will produce fatty livers The experiments \\ ere usually terminated at the 
end of approximately 2 weeks and the liver lipid content was determined 
in the manner previously described (4) In most of the experiments, the 
system of paired feeding of litter mates was employed The basal diet 
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contained 3 per cent Celluration (Fisher), 15 per cent casein (Labco), 
37 per cent glucose, 40 per cent lard, and 5 per cent salt mixture (5) la 
addition, each rat received 1 dry yeast tablet (500 mg ) and 2 drops of cod 
hver oil daily All orgamc compounds vere analyzed for sulfur bj the 
Parr bomb method and were found to be of satisfactory punty 

Influence of Inorganic Sulfide on Liver Lipid Conienl — In the light of 
Smythe’s idea that the toxicity of cystme may be due to the liberation of 
hydrogen sulfide (3), it seemed desirable to determine the effect of morganic 
sulfide on liver lipid content The product employed vas commercial 
NajS 9 H 2 O which was shown to be 98 per cent pure by lodometrio anal) sis 
As was expected, the product was quite toxic, but it nas possible to ad- 
minister 5 5 mg (as anhydrous Na 2 S) per kilo mtrapentoneally The 
experimental rats received dady mtrapentoneal mjections of a solution 
prepared by adjustmg the pH of an aqueous solution of the sulfide to 9 
by the addition of dilute HCl Table I shows the amounts administered 
to the mdividual rats The control animals were given mtrapentoneal 
mjections of water equal in volume to that used m the admmistration of 
the sulfide to the experimental animals In Senes A and B the diet nas 
fed ad libitum, m Senes C paired feedmg was employed Table I shons 
that m Senes A the average liver lipid content of the control animals (24 9 
per cent) is higher than the correspondmg value (19 6 per cent) for the 
rats receivmg the sulfide In the second senes (B) the average figures 
for the control and expenmental animals are 18 0 and 20 3, respectively, 
and m Senes C (noth the exception of Pair II) the value for the hver hpid 
content of each expenmental animal was smaller than that of its paired 
control No evidence is thus presented m support of ihe hypothesis that 
the effect of cystme on the content of hver lipids is du-=‘ to the liberation of 
hydrogen sulfide 

The data on food intake are included m Table I because of a suggestion 
of better growth m the case of the rats, m Senes B and C, obtauung t e 
sulfide In the former the average gam m weight for the 19 day pen 
was 40 9 gm for the expenmental group and 37 8 for the controls u 
Senes C, which is better controlled, every rat receivmg the sulfide game 
more weight than its paired control These data suggest that additions 
tissues imght have been laid down by the rats receiv mg the supplemen 
A definite decision regardmg this is wuthheld, smce such factors as actm ), 
water mtake, and urine secretion were not controlled j 

Influence of Other Types of Sulfur Compounds on Liver Lipid 
In these experiments various types of sulfur compounds, a sulfonc (me 
omne sulfone), a sulfide (dmiethyl sulfide), a disulfide (dimethj 

athion(S-methylisothiourea),theesterofathion-thiolacid(me > 

genate), and a sulfomum compound (tnmethylsulfomum c on e , 



E ROBEKTS AND H C ECKSTEIN 


369 


investigated Unless otherwise stated paired feeding of young male htter 
mates was employed 


Table I 

Influence of Inorganic Sulflde on Liver Lipid Content 
The duration of the experiment was 19 days in Senes A and B, and 22 days in 
Series C The amount of supplement indicated represented the quantity (calculated 
as Na S) administered intraperitoneally during the entire penod The small letters 
and roman numerals in Series C refer respectively to the litter and the pair used in 
paired feeding Liver lipids are calculated on the fresh basis 


Senes 

Rat No 

Supplement 
(NatS) added 

Initial 

weight 

Gam m 
weight 

Food 

mtaie 

Liver 

hpids 



mg 

gm 

gm 

gm 

fn cent 

A 

1 

23 

117 

33 

132 

15 9 


2 

23 

125 

27 

141 

19 5 


3 

23 

117 

21 

114 

20 7 


4 

l7 

130 

33 

127 

25 6 


5 

17 

109 

34 

109 

16 1 


6 

17 

122 

31 

145 

20 3 


7 

0 

116 

21 

119 

25 4 


8 

0 

129 

36 

130 

28 9 


9 

0 

131 

26 

134 

20 3 

B 

10 

32 

122 

23 

189 

22 8 


11 

32 

168 

54 

203 

16 2 


12 

32 

147 

41 

194 

25 3 


13 

32 

145 

34 

171 

23 8 


14 

32 

155 

53 

194 

20 4 


15 

32 

152 

40 

193 

13 1 


16 

0 

143 

43 

196 

18 4 


17 

0 

142 

31 

195 

17 3 


18 

0 

138 

40 

190 

21 8 


19 

0 

149 

42 

185 

17 0 

C 

I-l a 

31 

119 

28 

139 

18 6 


I 2 a 

0 

106 

18 

137 

26 9 


113 a 

31 

121 

33 

151 

28 8 


II-4 a 

0 

111 

29 

151 

27 3 


III 5 b 

31 

117 

40 

151 

25 4 


III-6 b 

0 

120 

38 

152 

26 0 


IV 7 b 

31 

128 

40 

162 

23-9 


IV-8 b 

0 

118 

31 

157 

25 1 


V9 c 

31 

141 

54 

178 

24 1 


V 10 c 

0 

134 

46 

177 

28 9 


VMl-c 

31 

130 

52 

144 

30 2 


VI-12 c 

0 

120 

42 

142 

33 9 


In a former report from this laboratory it was announced (6) that methi- 
onme sulfoxide possessed lipotropic activity This was anticipated in view 
of the report by Bennett (7) that this sulfoxide could be substituted in the 


370 


S COMPOUNDS AND DIVER LIPID CONTENT 


Table II 


Influence of Methionine Sulfone and Dimethyl Disulfide on Liver Lipid Content 


The duration of the experiment was 20 days in Series D and E, 8 days for Senes P, 
and 15 days for Series G The amount of supplement indicated represents the quaa 
tity administered during the entire period The rats in Series F received the supple 
ment subcutaneously In the remaining cases it was given intrapentoneallj The 
letters and roman numerals in the second column refer respectively to the litter 
and the pair used in paired feeding Liver lipids are calculated on the fresh basis 


Senes 


D 


E 


F 


G 


Rat No 

SupplemcQt added 

lottial 

weight 

Gain m 
weight 

Food 

intake 



mg 


gm 

gm 

I-I-a 

Sulfone 

0 

159 

42 

183 

I 2 a 

ti 

950 

150 

44 

183 

II-3 a 


0 

113 

1 

122 

II-4a 

tt 

950 

101 

-9 

123 

III 5-a 

tt 

0 

144 

47 

186 

III-6 a 

tl 

950 

151 

42 

183 

IV.7-b 

it 

0 

155 

51 

190 

IV 8 b 

tt 

950 

154 

46 

189 

V-9 b 

tt 

0 

125 

12 

124 

V-10 b 

tt 

950 

103 

5 

123 

Vl-U-b 

tt 

0 

140 

35 

166 

VI-12 b 

tt 

950 

132 

31 

159 

35 

Disulfide 

0 

143 

43 

196 

36 

tt 

0 

142 

31 

195 

37 

tt 

0 

142 

28 

194 

38 

tt 

0 

138 

40 

190 

39 

tt 

0 

149 

42 

185 

40 

tt 

260 

146 

36 

147 

41 

tt 

260 

155 

49 

191 

42 

tt 

260 

123 

13 

160 

43 

** 

260 

135 

22 

167 

I-46-C 

tt 

0 

120 

26 

80 

1-47-0 

ft 

100 

122 

22 

SO 

II-48-C 

tt 

0 

124 

12 

74 


tt 

100 

119 

12 

74 

III 50-d 

tt 

0 

123 

20 

SO 

III 51-d 

ft 

100 

123 

24 

SO 

IV-52-d 

tt 

0 

108 

14 

71 

IV-53 d 

tt 

100 

112 

9 

71 

V 54 e 

tt 

0 

130 

40 

103 

V-55-e 

ft 

130 

124 

28 

HiH 

VI-56-e 

tt 

0 

160 

51 

lU 

VI-57-e 

tt 

130 

■fS 

39 

114 

Vn-58-e 

tt 

0 

UTS 

39 

129 

VII-59-e 

tt 

130 

144 

38 

129 

Vin- 60 -f 

tt 

0 

112 

33 

69 

VIII-61 f 

tt 

130 

95 

5 

87 


Lucr 

lipids 


ptr ct»i 

258 
29 3 

20 5 
23 8 
19 2 
297 
2(5 7 
280 
22 6 
23 9 
315 
22 9 
181 
17 5 
15 3 

21 8 
17 0 
83 

11 5 
67 

12 8 
13 2 
12 6 
12 1 
7 5 
15 0 
11 1 
11 8 
89 
12 6 
13 0 
231 
18 5 
233 
22 1 
21 1 
203 
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diet of the white rat for the purposes of growth Bennett subsequently 
observed (8) that the more highly o\idized derivative, methionine sulfone, 
was not effective in promoting growth It seemed desirable therefore to 
determine the effect of this sulfone on liver lipid content The product 
was synthesized according to the procedure of Toenmes and Kolb (9) 
Table II gives the data on si\ pairs of rats, and clearly demonstrates that 
no lipotropic action is m evidence when the sulfui of methionme is ovidized 
to the sulfone, the average value for the rats receiving the methionine 
sulfone being 26 3 per cent as compared with the mean value of 24 9 for 
the controls 

Dimethyl disulfide was chosen for study, since it can arise from the 
decarboxylation of dithiodiglycolic acid, a compound reported to be lipo- 
tropic by Singal and Eckstein (6) This substance, synthesized according 
to the method of Blackburn and Challenger (10), proved to be quite toxic, 
the fatal dose (intraperitoneal) ranging from 90 to 100 mg per kilo Evi- 
dence of the lipotropic action of this disulfide is presented in Table II 
Rats 35 to 43 inclusive received the diet ad Ithilum for 20 days The hver 
lipid content of all of the experimental rats m this group (Senes E) was 
significantly lower than that of the controls This observation is confirmed 
by the paired feedmg experiments with the other rats In Series G the 
daily dose was decreased and the product administered dissolved m oil 
(Mazola), the controls received an equivalent amount of the oil alone by 
the same route In Senes F the dose was increased and was given sub- 
cutaneously twice daily These animals became so irritable that it became 
necessaiy to terminate the experiment at the end of the 8th day 

In the experiments m which dimethyl disulfide was given intraperitone- 
ally it was universall}^ observed that a disagreeable odor suggestive of 
mercaptan soon became evident On close exammation it was apparent 
that this smell did not emanate from the site of the mjection but arose 
from the respiratory tract Other experimental rats were therefore placed 
in a closed chamber from which samples of the expired gases could be 
obtamed The expired air was passed through an absorption tram con- 
tammg lead acetate m order to absorb any hydrogen sulfide that might 
be present Samples of such air were obtamed from the same animal before 
and after mtraperitoneal administration of the disulfide It was consist- 
ently observed that the gases obtamed m the latter case invariably produced 
a red color when passed through an alkalme solution of sodium mtroprus- 
side, and m addition gave a red precipitate when bubbled through a solution 
of palladium chloride These phenomena were not observed m the fore 
period (i e , prior to the admmistration of the disulfide) These observa- 
tions suggest the presence of mercaptan (11), but characterization of the 
substance responsible for these reactions was not accomplished because 
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Table III 

and 16 days m Senes K The amount of suXi ^ ■" Senes H, 

tvty adnun.3tered mtrapento^X dunnf h <1“^ 

romannumeralsmtheseeuXoTum^. f ^ The letters and 

P^l^edmg L.verl.p.ds are caiculatedTn^thnreL' 


Senes 


Rat No 


H 


Supplemeat added 


1-62 p 

I- 63 p 

II- 64 p 

II- 65 p 

III- 66 q 

III- 67 q 

IV- 68q 
IV 69.q 

V- 70q 
V-71 q 
VI 72-r 

VI. 73 r 

VII. 74 a 

VII. 75 3 

VIII. 76 3 
VIII.77 3 
IX 78 t 
IX 79-t 
1-95 u 

I 98 u 

II 97 u 

II 98 u 

III 99 V 

III- lOO V 

IV- lOl-v 

IV- 102-V 

V- 103-n 

V- 104-n 
VI 105 X 

VI- 106-X 

VII- 107-y 

VII- 108-y 
VIIM09-Z 

VIII- 110 z 


Methylxanthogenate 


S Methylisothiourea | 0 

225 
0 
225 
0 
225 
0 
225 
0 
225 
0 

210 
0 

210 
0 

210 
0 

210 
0 
105 
0 
105 
0 
105 

0 I 124 
105 119 

0 135 

105 135 

0 197 

160 194 

0 128 
120 127 

0 123 

120 106 


Initiai 

weight 

j Gaia 
weigh 

n 1 Foo< 
t muk 

Liter 
e Itptds 

rm 

cm 

I" 

Ptr ((Hi 

99 

27 

76 

18 S 

92 

21 

73 

96 

95 

32 

87 

18 3 

99 

34 

87 

10 8 

125 

35 

112 

13 8 

113 

23 

112 

81 

108 

39 

108 

15 4 

107 

18 

107 

79 

114 

15 

92 

14 2 

no 

19 

92 

1 82 

141 

44 

130 

15 9 

131 

29 

130 

19 7 

132 

34 

123 

21 4 

139 

34 

123 

16 5 

135 

24 

115 

24 4 

128 

34 

ns 

97 

141 

32 

no 

13 5 

123 

23 

106 

78 

134 

31 

no 

17 2 

115 

33 

111 

10 2 

136 

36 

in 

14 3 

122 

18 

103 

99 

139 

29 

no 

21 7 

53 

27 

no 

96 


28 

26 

34 

39 

11 

6 

32 

14 

19 

6 


96 

94 

119 

119 

133 

133 

129 

130 
119 
118 


12 6 

13 7 

18 7 

19 3 
23 8 
80 

14 8 
SO 
18 8 
6 4 


of the small quantities of the precipitate obtamed Nevertheless the=e 
observations suggest that a methyhnercaptan might have been split off 
followmg the mjections of the disulfide, and the question naturally anacs 
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whether the formation of this substance may explam the hpotropic action 
of this disulfide 

In view of the above findmgs it seemed desirable to investigate other 
compounds which might give rise to methylmercaptan S-Methyliso- 


Tabu: IV 

Influence of Dimethyl Sulfide and TTtmelhylsulfonium Chloride on Liver 
Ltptd Content 

The duration of the experiment naa 14 days in Senes L and 15 days in Senes M 
and N The amount of supplement indicated represents the quantity administered 
during the whole penod The sulfide was given mtrapentoneally, the sulfonium 
chlonde was added to the diet The letters and roman numerals m the second col- 
umn refer respectively to the litter and pair used m paired feeding Liver lipids are 
calculated on the fresh basis 


Senes 

Rat No 

Supplement added 

Initial 

weight 


Food 

intake 

Liver 

Upids 





mg 

gm 

gm 

Bi 

Per cent 

L 

1-26 1 

TnmethyJsulfomum chJonde 

0 

72 

10 

ii 

10 8 


1-27 1 


«( (( 

225 

61 

5 

wm 

14 8 


n-28m 


« u 

0 

74 

13 

75 

15 1 


ir-29 m 


H ft 

225 

68 

4 

75 

25 3 


III-30 n 


it ti 

0 

73 

12 

72 

12 1 


III-31 n 


ft tt 

225 

74 

7 

71 

11 7 


IV-32 0 


it if 

0 

78 

12 

76 

15 0 


IV-33 0 


ft « 


74 

7 

76 

15 7 

M 

I80g 

Dimethyl sulfide 

0 

91 

21 

79 

17 4 


1-81 g 


tt 

663 

89 

17 

SO 

13 4 


11-82 g 

n 

ft 

0 

84 


82 

21 2 


II-S3 g 

ft 

f( 


87 

9 

SO 

8 8 


III-84 g 

ti 

ft 

0 

lOO 

16 

96 

14 5 


III-85 g 

i( 

ft 

563 

100 

17 

96 

13 8 


rV-86h 

<( 

ft 

0 

138 

24 

110 

21 8 


IV-87-h 

“ 

it 


149 

21 

107 

7 8 

N 

V-88i 


tf 

0 

115 

23 

82 

19 6 


V-89i 


ft 

420 

Iu9 

17 

81 

20 6 




if 

0 

118 

17 

69 

10 3 


Vr- 91 -j 


ft 

420 

132 

10 

71 

6 1 


VII-92 1 


tt 

0 

164 

52 

120 

13 2 


VII-93 j 


ft 

525 

162 

52 

120 

8 3 


thiourea and methylxanthogenate were chosen for this purpose According 
to the literature mercaptan can be hberated from the former by the action 
of alkali ((12) p 841) and from the latter by simple hydrolysis ((12) p 843) 
The ester was prepared accordmg to the procedure of Whitmore and Leiber 

(13) and the S-methyhsothiourea by the method of Wmdus and Shildneck 

(14) As shown m Table III, both of these products are hpotropic In 
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eight of the nine pairs, the rat receiving S-methyhsothiourea had smaller 
amounts of liver “fat” than its pau-ed control, the average value of 108 
per cent for the e'qienmental rats is significantly low er than the mean value 
of 17 3 per cent for the controls Likewise m sl\ of the eight pans, the 
rat receivmg methyLxanthogenate had less liver "fat” than its control mate 
In contrast with an average value of 16 7 per cent for the controls, the v alue 
for the ammals receiving the ester was only 9 6 per cent In view of the 
sunitanty in the behavior of dimethyl disulfide and the two products just 
discussed it is possible that the lipotropic action of all three of these com 
pounds may be ascribed to the formation of methyliuercaptan 

Table IV summarizes our findmgs with dimethyl sulfide and trimeth)! 
sulfonium chloride The former, a commercial product (Eastman), was 
given mtrapentoneally, but the latter proved to be so to\ic, when admin 
istered mtrapentoneally, that it was necessary to incorporate it m the diet 
The method of Cahours (15) was used in the synthesis of the sulfonium 
chloride Table IV shows that the sulfide is definitely lipotropic, since 
with only one exception the liver hpid content of the rats receiving this 
thio ether was less than that of their respective paired controls The 
average values m tins experiment (Series M and N) for the evpenmcflh) 
and control animals were 11 3 per cent and 16 9 per cent, respectiveh 
On the other hand it is clear from the data m Series L that the sulfomum 
compound did not exhibit lipotropic action Unfortunately this product 
was so toxic that only small amounts could be giveri and these were of 
necessity added to the diet Our mterest m this compound arose from 
Bennett’s claim (8) that methioninesulfonium chloride can be substituted 
for methionme for purposes of growth m the white rat 

SUMMARY 

1 The mtrapentoneal admmistration of inorganic sulfide (17 to 32 
mg of Na S during an expenmental penod of approximately 3 weeb; 
does not cause an accumulation of additional amounts of “fat” m the hieis 
of young male rats fed a basal diet which produces fatty livers 

2 Dimethyl sulfide, dimethyl disulfide, S-methylisothiourea, and met ' 
xanthogenate all exert a lipotropic effect when administered mtrapentou^ 
ally to young male rats on a basal diet which produces fatty livere ® 
these same circumstances neither the mtrapentoneal mjection of nieth^®“^ 
sulfone nor the oral admmistration of tnmethjlsulfomum chlonde caa- 

a drop in liver lipid content 
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the content of the gasteocnemihs mcscle 

UJJ YOUAG ]\IALE RATS OX DIETS VARYING 
IN CHOLINE CONTENT 

By EUGENE ROBERTS and H C ECKSTEIN 

(.From the Depart, nenl of B,olog,cal Chemrstry, Med, cal School. Un,vers,ty of 
Michigan, Ann Arbor) ^ 

(Received for publication, April 21 , 1944) 

n,«hyl.„o„, d„ y,„.„d 

labilp TYiPti, 1 suggested that substances containing physiologically 
labde methyl groups must be mcluded in the diet of the rat for the Se J 

^ In ou™:: 

stances . methionme and related sub- 

creatme defilL ^ f instances of acute fatty livers, no signs of 

ZnZiZS:..Z „.'‘ »- 

e^penmental nenoH ^ ‘he 

light on “Jouestf 'I ^^™hle to thron more 

miusm.isclp determming the creatme content of the gastrocne- 

Smriere'nl ciief Young 

47 per cent gluo^sp'^^n "I” ^ Pei cent casern (Labco), 

cent Celliiro^t ^ P®*” ®®“‘ niLxture (6), and 3 per 

live o?S'h" ^ u/" ^Vlips of cod 

repeated b/'' yeast tablet (500 mg ) daily This ration has been used 
received LdH.r Production of fatty live.s Some of the rats 

others i\ere fed 'T others nere gnen ethanolamme, while 

on r. re '!, I" ^rddition fou. rats nere kept 

of supplementV^!!^ rat diet) for 21 dajs The amounts 

eluded because ! i indicated m Table I Ethanolamme nas m- 
grouDs a!r! ®hohne in the rat (7) Methyl 

of creatine ®r this transformation as veil as foi the s^mthesis 

used for the nr f®®*”® hholy that methyl gioups, nhich aie ordmanly 
to the svntbec ° f oieatine, might be dneited to the path leadmg 

It is Dossihle during this acute need foi lipotropic substances 

muscle creatme ^ dnersion might be reflected m a lowermg of the 

summarmld m^^W ("oight, 90 to 100 gm ) on these diets are 

respective d, + j ^ ^ Rats 1 to 7 mclusive neie mamtamed on the 
was 24 days ^ ^ ueeks, m the remammg cases, the penod 

•f e end of the experiments, the i ats w ei e decapitated and 
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the h\er and gastrocnemius muscle of one leg removed Cieatine )\ - 
estimated according to Miller, Allmson, and Baker (8) -aithout resorting 
to the use of enzjmes to correct foi the non-cieatme chromogens, since 9G 
per cent of the total chromogenic material m this muscle of the rat is le- 
ported to be cieatme (9) The intensity of the color was determined 

Table I 

Influence of Dietary Choline and Elhanolamtne on Liver Lipid Content and Creatine 
Content of Gastrocnemius Muscle of Young Male Rats 
The changes in body weight are those for the entire period, which consisted of 21 
days in Series A and 24 days in Series B When choline chloride was added, it re 
placed 0 2 per cent of glucose When ethanolamine was given, 120 mg were nn\ed 
with the diet daily The aalues for liver lipids and muscle creatine are calculated 
on the fresh basis 


Senes 

Rat \o 

Supplcmeat added 

Change m 
weight 

Food 

mtaUc 

Lner 

lipids 

Muscle 

creatine* 




gm 

gm 

per cent 

mg per 
JOOga 

k 

1 

Choline chloride 

-5 

121 

5 3 

443 


2 

<( << 

+8 

192 

6 5 

354 


3 

ii t( 

+8 

181 

10 4 

432 


4 

<< t< 

-6 

182 

7 9 

45S 


5 

None 

-3 

185 

14 2 

432 


6 

it 

+6 

185 

28 9 

435 


7 

it 

+19 

186 

31 2 

447 

B 

S 

Ethanolamine 

+5 

180 

26 2 

362 


9 

ii 

-4 

168 

28 2 

445 


10 

it 

-9 

170 

30 6 

435 


11 

ti 

-4 

188 

28 4 

474 


12 

it 

-9 

190 

29 5 

481 


13 

(t 

+5 

187 

33 6 

464 


14 

None 

+9 

182 

26 8 

3/5 


15 


+18 

159 

30 5 

■ilO 


16 

it 

+1 

171 

30 5 

•iSo 


17 

ii 

+6 

188 

26 6 

446 


18 

ii 

+4 

189 

31 9 

4S0 


19 

ii 

+10 

185 

35 8 

•IhiJ 


* The creatine content in gastrocnemius muscle of four j oimg male rats t a 
been placed on our stock Rockland rat diet for 21 days was -158, dSS, 459, an 
mg , respectively 


photoelectncally The procedure for total hpids is described el'cwh 

( 2 ) 

As shonn m Table I, the supplementai-y choline afforded almost 
plete protection against the infiltration of unusual amounts o 
the li\ ers On the other hand the control animals (J c , t ose 
the unsupplemented diet) and those given ethanolamine as a su 
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’ “\hibited fatty livers The livers of the four rats receiving the Rockland 
rat diet were not analyzed for total lipids, but upon inspection these organs 
appeared perfectly normal The average muscle creatme value of these 
four animals (457 mg per cent) compares a ell with the mean value of 422 
mg per cent for the rats receivmg the supplement of cholme The cor- 
respondmg values of 435 for the control rats and 444 for those receivmg 
ethanolamme as a supplement are m close agreement with other values 
cited above It is obvious thus that, even though a cholme deficiency was 
evident m Rats 5 to 19 mcluaive, the average creatme content of the gas- 
trocnemius muscle of these animals was not affected by this deficiency 
Dietary ethanolamme was evidently without influence on liver hpid or 
gastrocnemius muscle content The remammg data m Table I mdicate 
that the creatme content of this particular muscle was not related to either 
the food mtake or changes m body weight After this work had been com- 
pleted, it was reported that a deficiency m dietary cholme does not ap- 
preciably dimmish creatme formation m the chick (10) 

SUMMABV 

The creatme content of the gastrocnemius muscle of young white rats 
(male, 90 to 100 gm ) is not lowered when a diet deficient m cholme is fed 
for a penod of 3 weeks The addition of ethanolamme to this diet is with- 
out influence on the creatme content of this muscle 
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INHIBITING EFFECT OF INORGANIC IODIDE ON THE 
FORMATION IN VITRO OF THYROXINE AND DIIODO- 
TYROSINE BY SURVIVING THYROID TISSUE* 

By M E MORTON, I L CHAIKOFF, and S ROSENFELD 
(From the Division of Physiology, University of California Medical School, Berkeley) 

(Received for publication, April 17, 1944) 

When 300 mg of survivmg thyroid slices are mcubated for 2 to 3 hours 
m a Rmger’s medium containmg radioactive iodide, it is found that as 
much as 60 per cent of the labeled lodme is organically bound, about 50 
per cent as diiodotyrosme and about 10 per cent as thyroxme (1) This 
procedure has been used to study the mechanism of the formation of thy- 
roxme and diiodotyrosme by the thyroid gland Thus it was shown that 
the synthesis of these compounds by thyroid tissue is Imked ivith aerobic 
oxidations m which the c3d;ochrome-cytochrome oxidase system partici- 
pates (2) 

The present mvestigation deals with the formation in mlro of thyroxme 
and duodotyrosme by thyroid tissue from added morgamc iodide m cases 
m which the inorganic iodide (I‘*0 added to the reaction flasks contammg 
300 mg of thyroid tissue was varied from 0 to 50 7 It is showm here that 
the conversion of the added iodide to thyroxme and duodotyrosme is m- 
hibited when the amount of morgamc iodide m the medium surrounding 
the thjroid slices exceeds 20 7 

EXPERIMENTAL 

The preparation of shces of thyroid gland of the sheep has been described 
elsewhere (1) As a rule, shces were prepared from ten glands and placed 
m a large Petri dish contammg a bicarbonate-Emger’s solution Slices 
were selected at random, blotted on filter paper, quickly weighed, and 
transferred to a 25 cc Erlenmeyer flask contammg 3 cc of a bicarbonate- 
Rmger’s solution The bicarbonate-Rmger’s medium used was essentially 
the same as that descnbed by Krebs and Henseleit (3) The iodide I*’* 
was prepared m a small volume of isotonic sodium chloride, and this was 
added to the stock solution of isotomc sodium chloride used m the prepara- 
tion of the medium The 3 cc of medium contamed m each reaction flask 
were saturated ivith a gas mLxture consistmg of 5 per cent carbon dioxide 
and 95 per cent oxygen before the addition of the thyroid slices, the at- 
mosphere above the solution and shces was displaced with this same gas 

* Aided by grants from the Commonwealth Fund and the Committee for Research 
in Endocrinology of the National Research Council 
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mixture immediately before the flask was placed m the constant tempera 
ture water bath and again after the 1st hour of incubation The flasks 
were gently agitated during their 2 hour stay in a constant temperature 
bath maintamed at 38° 

The content of the medium was varied by addmg to each 3 cc of 
bicarbonate-Ringer’s solution contained m the reaction flask the required 
amount of potassium iodide dissolved in 0 1 cc of distilled water It is 
estimated that the 1’-’^ in the bicarbonate-Ringer’s solution due to impun 
ties in the reagent quality salts used m its preparation amounted to 0 1 1 
per cc 

The entire contents of the flask were analyzed for thyroxine P”, diiodo- 
tyrosme and morganic iodide P’* accordmg to a procedure descnbed 
elsewhere (1) Each of these fractions in Experiments 1 and 2 was mde 
pendently measured, m Experiments 3, 4, and 5 morganic iodide uas 
obtained by difference 


Results 

The results shown m each table represent a smgle experiment m "hich 
the thyroid slices for its six to twelve flasks Mere selected at random from 
a single batch of shces prepared from several sheep glands at one time The 
amount of thyroid tissue added to each flask was kept as constant as 
possible, the amounts added varied from 300 to 321 mg The iodide P 
present in the flasks was varied from 03 to 50 37,037 was the amount 
present m each 3 cc of bicarbonate-Ringer’s solutioi as an unavoidable 
impurity 

The recoveries of the added P’* m the form of thyroxme, diiodotyrosme, 
and morganic iodide are recorded m Columns 4, 5, and 6 of each ta e 
The micrograms of Ranger’s converted to thyroxme m each flask acre 
obtamed by multipljung the value shown m Column 3 by the 
value shown m Column 4, the micrograms of Ringer’s 1“^ convert 
diiodotyrosme were obtamed by multiplying the value m Column 3 y 
value m Column 5 These calculated values are recorded m oumn 
7 and 8 

Experiment 1 (Table I) shows that, as the concentration of ^ 

medium surroundmg the thyroid shces was increased ° 

the amounts of the Rmger’s P-’ converted to thyroxine and dii ^ o 
also mcreased When, however, the 1“^ content of the 
was raised to 20 and 50 y, less of it was organically boun m 
compounds than when the medium of the reaction flask con ' 

10 7 Thus when 300 mg of thyroid shces were deposite r[|jg 

media contammg 10 3, 20 3, and 50 3 7 of I‘-k the 

Rmger’s were converted to thyroxme 0 82, 0 26, and 0 -7 



MORTON, CHAIKOPP AND ROSENFELD 


383 


Table I 


Experiment 1 


Flask No 

(1) 

Thyroid 
tissue in 
flask 

(2) 

Inorganic 

iodide 

Per cent of Ringer s recovered as 

Ringer s converted to 

added to 
flask 

(3) 

Thyroiinc 

(4) 

Diiodo 

tyrosine 

(5) 

Inorganic 

(6) 

Thyroxine 

(7) 

Diiodo« 

tyrosine 

(8) 

1 

mg 

307 

7 

0 3* 

7 3 

73 2 

18 1 

n 

7 

0 22 

2 

306 

0 3* 

7 3 

66 8 

22,2 

warn 

0 20 

3 

321 

1 3 

8 2 


23 4 

0 11 

0 80 

4 

314 

1 3 

8 5 

KB 

22 3 

0 11 

0 80 

5 

305 

5 3 

5 9 

43 7 

44 9 

0 31 

2 3 

6 

300 

5 3 

5 0 

43 4 

46 7 

0 27 

2 3 

7 

300 

10 3 

8 2 

49 2 


0 84 

5 1 

8 

309 

10 3 


42 8 

39 6 

0 79 

4 4 

9 

314 

20 3 

WmM 

11 7 

84 0 

0 29 

2 4 

10 

309 

20 3 



83 5 

0 24 

2 1 

11 

312 

60 3 

0 30 

1 6 

98 4 

0 15 

0 80 

12 

311 

50 3 

0 20 

3 0 

92 2 

0 10 

1 5 


* These amounts were not added to the Ringer’s medium, their presence was due 
to impurities in the reagent grade chemicals used in the preparation of the media 


Table II 
Experiment S 


Flask No 

(1) 

Thyroid 

Inorganic 
iodide 
added to 
fliKk 

(3) 

Per cent of Ringer's I*” zpcovcred as 

Ringer s I»t converted to 

tissue in ' 
flask 

«) 

Thyroxine ; 

( 4 ) 

Diiodo> 

tyrosine 

(S) 

Inorganic , 

(6) 

Thyroxine 

( 7 ) 

Duodo« 

tyrosine 

C8) 

1 

mg 

302 

7 

0 3* 

9 4 

45 0 

42 2 

7 

0 03 

7 

0 14 

2 

304 

0 3* 

10 9 

47 6 

41 2 

0 03 

0 14 

3 

300 

5 3 

9 9 

47 7 

40 9 

0 53 

2 5 

4 

303 

5 3 

8 6 

36 0 

56 0 

0 46 

1 9 

5 

302 

10 3 

5 3 

22 8 

72 0 

0 55 

2 3 

6 

302 

10 3 

6 4 

24 8 

68 2 

0 66 

2 6 

7 

304 

15 3 

4 8 

17 5 

74 5 

0 73 

2 7 

8 

300 

15 3 

5 5 

19 9 

76 6 

0 84 

3 0 

9 

304 

20 3 

4 5 

16 6 

78 5 

0 91 

3 4 

10 

303 

20 3 

6 1 

18 4 

75 5 

1 24 

3 7 


* See foot-note to Table I 


the amounts converted to duodotyrosme were 4 8, 2 2, and 1 1 y respec- 
tively These values are the averages of those recorded m Table I 
No inhibitory effect was observed m Experiment 2 (Table II), but m 
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this experiment the amounts of added to the reaction flask did not 
exceed 20 y 


Table III 


Experiment 3 


Flask No 

(1) 

Thyroid 
tissue m 
flask 

(2) 

Inorganic 

iodide 

Per cent of Ringer s recovered as 

Ringer s converted to 

added to 
flask 

(3) 

Thyroxine 

(4) 

Diiodo 

tyrosine 

IS) 

Inorganic 

«S} 

Thyroxine 

(7) 

Diiodo* 

tyroiiae 

m 

1 

m( 

305 

7 

0 3* 

10 4 

65 3 


T 

0 03 


2 

300 

0 3* 

11 8 

70 2 


0 04 


3 

301 

0 3* 

10 9 

69 6 

19 5 

0 03 


4 

302 

10 3 

11 1 

59 0 

29 9 

1 1 

[ 61 

5 

300 

10 3 

7 7 

45 2 

1 47 1 

0 79 

47 

6 

303 

10 3 

9 2 

50 0 

40 8 

0 95 

5 1 

7 

306 

20 3 

4 9 

29 6 

65 5 

1 0 

60 

8 

301 

20 3 

5 9 

33 7 

60 4 

I 2 


9 

302 

20 3 

6 3 

31 3 

62 4 

1 3 


10 

305 

50 3 

1 7 

9 7 

88 6 

0 85 


11 

302 

50 3 

0 80 

6 5 

92 7 

0 40 


12 

305 

50 3 

0 60 

5 9 

93 5 

0 30 

3 0 


* See foot-note to Table I 


Table IV 


Experiment 4 


Flask No 

(1) 

1 

Thyroid 1 

Inorganic 

Per cent of Ringer s I*** recovered as 

Rmgerll'" 

tissue in 1 
flask 1 

added to 
flask 

(3) 

Thyroxine ' 

(4) 

Dtiodo> 

tyrosine 

(5) 

Inorganic 

(6) 

Thyroxine 

(7) 

Duodo* 

lyroitne 

(8) 

i 

1 

mg 

310 

y 

0 3* 

8 6 

72 9 

18 5 

y 

0 03 

T 

0 22 

2 

301 

0 3* 

84 

77 0 

14 6 

0 03 

0 23 

3 

301 

5 3 

7 4 

56 6 

36 0 

0 39 : 

3 0 

4 

305 

5 3 

5 2 

49 3 

45 5 

0 28 

2 6 

5 

313 

10 3 

3 9 

31 1 

65 0 


3 2 

6 

300 

10 3 

3 9 

25 9 

70 2 

KKH 

2 7 

3 2 

3 4 

1 3 

1 9 

7 

1 300 

20 3 

2 3 

15 7 

82 0 

Hififl! 

8 

300 

20 3 

2 3 

16 6 

81 1 


9 

305 

50 3 

0 50 

2 5 

97 0 


10 

304 

50 3 

0 50 

3 7 

95 8 

IjH 


* See foot-note to Table I 


Experiments 3 and 4 (Tables III and IV) brmg out quite "e 
hibitory action of morganic iodide In both experiments ° 
amounts of Ringer’s converted to thyroxine and diiodotyrosine 
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m those cases in which 20 y had been added to the medium surroundmg the 
thyroid shces From 1 0 to 1 3 y of Ringer’s was mcorporated mto 
thyroxme when 20 y of had been added (E\periment 3) As little as 
03 y was converted to thyroMne when 50 y had been added In Experi- 
ment 4, the amounts of Ringer’s 1“^ converted to thyroxme were cut m 
half when the concentration of I‘-^ in the medium was raised from 20 to 
50 Y A decreased conversion of morgamc iodide to diiodotyfosme was 
also found under the conditions mentioned above 

When the concentration of Ringer’s I‘ ^ was changed from 20 3 to 50 3 y 
m Experiment 5 (Table V), thyroxme formation at the expense of Ringer’s 
was reduced to about the same extent as that observed in Ex-periment 4 

Table V 


Experiment 5 


Flask No 

(1) 

Thyroid 

Inorganic 

Per cent of Ringer s reco\ cred as 

Ringer s con\erted to 

flask 

(2) 

added to 
flask 

(3) 

Th> roxine 

(4) 

Diiodo 

tyrosine 

(5) 

Inorganic 

C6) 

Thyroxme 

(7) 

Duodo 

tyrosme 

(8) 

1 


y 

0 3* 

10 6 

45 6 

43 8 

y 

0 03 

y 

0 14 

2 


0 3* 

8 7 

42 9 

48 4 

0 03 

0 13 

3 


20 3 


6 1 

91 7 

0 45 


4 


20 3 



91 0 

0 43 

llfl 

5 


50 3 

0 50 


97 1 

0 25 

IB 

6 


50 3 

0 40 


97 2 

0 20 



* See foot-note to Table I 


The amounts of Rmger’s conierted to dnodotyrosine were about the 
same m the samples contammg 20 and 50 y 

DISCUSSION 

The concentration of added morgamc iodide at which inhibitory effects 
upon the conversion of morgamc iodide (m the medium surrounding the 
thyroid slice) to thyroxme and duodotyrosme were obserted was not 
the same m the five experiments Definite mhibition was found m Ex- 
periments 1, 3, 4, and 5 In Expenment 1, mhibition was obsened 
between 10 and 20 y In Experiment 2, m which the amounts of I**^ 
added did not exceed 20 y, no mhibition was noted In Expermients 3 
and 4 mhibitory effects were not observed before the 50 y le\el Such 
differences are not surpnsmg, for it is not to be expected that the thjroid 
glands, although uniform with respect to the \anous samples of a smgle 
experiment, were uniform throughout all five experiments with respect 
to their lodme content or functional acti\'ity Not onlj were the sheep 
















386 


EFFECT OF INORG-INIC IODIDE ON THYROID 


obtained from different parts of the country, but the e\penraents were 
conducted at different times of the year 

The data recorded m Tables I to V furnish no mformation as to the 
amounts of thyroxme and duodotyrosine formed from their organic pre 
cursors present mside the slice at the time the gland ivas excised from the 
animal If, however, none is formed from these precursors, the values 
shown in Columns 7 and 8 of the tables represent the total amounts of 
thyroxine and diiodotyrosme S3mthesized during the course of the experi 
ment If, as seems more likely, lodme present in the gland before it was 
put mto the reaction flask is also mcorporated into newly formed thyroxine 
and diiodotyrosme, then the amounts shown in Columns 7 and 8 are less 
than the total amounts formed 

Vanous explanations of the mhibitory effects of iodide obsened here 
are considered below 

Penetration of Ringer's Iodide into Thyroid Slice {Permeahihty)—T\ifi 
rate of transport of the outside iodide to the actual sites of thyroxme and 
diiodotyrosme formation mside the thyroid slice is obviously a factor 
mvolved m the amounts of thyroxine and diiodotyrosme formed m the 2 
hour period of mcubation This raised the question whether the inhibitory 
effect observed here could result from a diminished amount of iodide reach 
mg the site of reaction To assume that the mhibitory effect is due to a 
dimmished penetration of iodide would mvolve the inference, untenable 
at first thought, that the greater the concentration of iodide in the medium 
surroundmg the thyroid slice (between 10 and 50 y) the less iodide reaches 
the site of reaction Schachner has measured the amounts of P' that 
entered surviving thyroid slices when the Ringer's media contamed 10, 
20, and 50 y of morganic iodide ^ The procedure foi vhis type of measure 
ment has been described elsewhere (4) The largest amounts of Rmger s 
P-' entered the slices that were incubated in the media containing 50 y 


01 , 
lodination of Enzymes Concerned with Conversion of Inorganic loai c 
to Thyroxine and Diiodotyrosme — Herriott has shown that iodine inactiva ^ 
pepsin by reacting with the tyrosme of this enzjmie (5) After 
loination he was able to recover over 80 per cent of the iodine as m 
tyrosine These findmgs suggest that the mhibitory effects obserw 


on the formation in vitro of thyroxme and diiodotyrosme are 
about by lodmation of an enzyme or enzymes concerned wuth the coni e ^ 
of morganic iodide to thyroxme and diiodotyrosme If this s ou 
true, morganic iodide ivould sene not only as a precursor of thyroxine 
duodotyrosme but also as an agent for regulatmg the concentra ion 
enzyme m thyroid tissue concerned inth their formation 


1 Schachner, H , unpublished observations 
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Inhibihon of Formation of an Intermediate in Synthesis of Thyroxine 
and Diiodotyrosine — ^The presence of increased concentrations of organic 
iodide may serve to depress the formation of a substance mtermediate m 
the conversion of morgamo iodide to thyroxme and duodot 3 Tosme In 
the scheme of Johnson and Tewkesbury, hypoiodous acid (HIO) is proposed 
as an mtermediate m the formation of thyroxme (6) If this is assumed 
to be true, the inhibition of the formation of an mtermediate by iodide 
may be visuahzed as follows 

(1) 1“ + oxidizing agent — *■ Ii 

(2) I, + H,0 5=1 HIO + H+ + I- 

In any system m which the amount of Ij formed m Equation 1 is not a 
function of the amount of I~ present (e g the amount of !« formed would 
be hmited if the specific oxidmng agent were used up by I“) the presence 
of excess I~ would decrease the formation of HIO m the scheme shown m 
Equation 2 

It 13 of mterest to note here that Li has shown that the rate of lodmation 
of t3rro3me at pH 7 4 is mamly dependent upon the concentration of hypo- 
iodous acid (7) From kmetic studies, he was also able to demonstrate 
that morgamo iodide inhibits the formation of duodotyrosme 

SUMMARY 

1 300 mg of thyroid shces were mcubated m a bicarbonate-Rmger’s 
medium to which 1, 5, 10, 15, 20, and 50 t of I*^^ as morgamo iodide were 
added The morgamo iodide of the medium was labeled with radioactive 
lodme (I“0 The recovery of radiothyroxme and radioduodotyrosme 
therefore served to measure the amounts of the medium’s 1“’ converted 
to these two compounds 

2 Inorgamc iodide mhibited the formation of thyroxme and duodotyro- 
sme at the expense of morgamc iodide of the medium An inhibitory effect 
on the conversion of Rmger’s I*-^ to thyroxme and duodotyrosme was 
observed m one experiment between the levels of 10 and 20 y and m three 
experiments between 20 and 50 y 

3 Possible mechanisms by which morgamc iodide inhibits the forma- 
tion of thyroxme and duodotyrosme are discussed 
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MERCAPTURIC ACIDS 

V THE METABOLIC FORMATION OF p FLUOROPHENYLMERCAPTURIC 
ACID FROM FLUOROBENZENE* 

Bt LESLIE YOUNG and S H ZBAUSKY 
{From the Department of Btochemistry, University of Toronto, Toronto, Canada) 

(Received for publication, Apnl 19, 1944) 

The question of whether or not fluorobenzene shares with chlorobenzene 
(2), bromobenzene (3), and lodobenzene (4) the property of giving nse to 
mercapturic acid formation m the animal body has hitherto remained un- 
answered From the work of Coombs (5) it is known that the admmistra- 
tion of fluorobenzene has an effect on the sulfur metabolism of the dog 
Coombs observed that when the compound was given to dogs either sub- 
cutaneously or by mouth it brought about a rise m the neutral sulfur con- 
tent of the urme He pomted out, however, that this mcrease was small 
compared wnth that produced by the other monohalogen-substituted ben- 
zenes under similar conditions Coombs noted that shortly after the ad- 
ministration of fluorobenzene this compound could easily be detected by 
Its odor m the breath of the animal, and he suggested that the disparity 
m the effects produced by fluorobenzene and chlorobenzene on sulfur e\- 
cretion might be related m part to the greater volatihty of fluorobenzene 
An increase m neutral sulfur excretion foUo\vmg the admmistration of a 
foreign organic compound is of uncertam value as evidence of mercapturic 
acid excretion, and as no work directed towards the isolation of a mercap- 
turic acid from the urme of animals dosed ivith fluorobenzene appears to 
have been reported, the mvestigation descnbed herem was undertaken 

In Paper IV of this series (6) the synthesis of p-fluorophenylmercaptunc 
acid was described and an account was given of the isolation of this com- 
pound from the urme of rats which had mgested p-fluorophenyl-l-cjsteme 
In the present work it has been possible to show that fluorobenzene is con- 
verted to a mercapturic acid m the rat Fluorobenzene was admmistered 
to rats by stomach tube or by subcutaneous mjection and from the urme of 
the dosed animals a compound was isolated which was identified as p-fluoro- 
phenylmercapturic acid on the basis of its analysis and a comparison of its 
properties with those of the synthetic compound 

experimental 

The sample of fluorobenzene (Eastman Kodak Company) which was 
used m the present work boiled at 84-85° p-Fluorophen^ Imercaptunc 

* A preliminary report of the work descnbed herem was presented at a mcetmg of 
the Toronto Biochemical and Biophysical Society held on February 17, 1944 (1) 

3S9 
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acid was synthesized by the method descnbed m Paper IV of this senes 
(6) It melted' at 158-159° and for a 1 per cent solution m ethanol its 
specific rotation as [ajo^ = —20° 

Isolation of p-Fluorophenylmercaptunc Acid from Urine — ^The method 
used to isolate p-fluorophenylmercapturic acid from the unne of rats dosed 
inth fluorobenzene was similar m pnnciple to that used to isolate this com- 
pound from the unne of rats which had mgested p-fluorophenyl-f-cjsteme 
(6) The two mam steps m the procedure were the repeated extraction 
of the acidified unne ivith chloroform and the separation of the mercaptunc 
acid from the combmed chloroform extracts 

The urme was made acid to Congo red by the addition of concentrated 
hydrochlonc acid and was allowed to stand overnight It was then ex- 
tracted SIX times with portions of chloroform, each equal m volume to that 
of the acidified unne Each portion of chloroform was shaken vigorously 
mth the unne for 10 imnutes and the emulsion which formed was broken 
by centrifuging The chloroform extracts were filtered, combmed, and 
allowed to stand over anhydrous sodium sulfate The dned chloroform 
solution xvas filtered and reduced to a small volume by distillation on a 
water bath The remammg chloroform was then removed by evaporation 
under reduced pressure and a dark oily residue which contained some cr 3 ’s- 
talline material was obtamed The whole residue was dissolved m a few 
ml of chloroform which had been thoroughly w'ashed mth water, dned, 
and distilled immediately before use The chloroform solution was con- 
centrated to a small volume and cooled m a freezmg mixture The crys- 
talline precipitate which separated was filtered and washed with small 
portions of cold chloroform It xvas then dissolved m ethanol and the solu- 
tion xvas decolonzed xvith charcoal, filtered, and evaporated to diyness 
The residue xvas crystaUized from aqueous ethanol and colorless crystals 
of pure p-fluorophenylmercaptunc acid xxere obtamed 

The isolation procedure descnbed above differed from that used pre- 
viously (6) m that the unne xvas extracted xxith six, instead of three, por- 
tions of chloroform The need for more than three extractions with chloro- 
form xvas first suggested by the results of two recovery experiments In 
each of these ex-penments 0 100 gm of synthetic p-fluorophenylmercaptunc 
acid was dissolved m 100 ml of normal rat urme The unne xvas then 
treated as descnbed above except that m the first experiment it xxas ex 
tracted three times with chloroform and m the second experiment six 
extractions xvith chloroform xx ere made The amount of pure mercaptunc 
acid recox ered was 0 067 gm m the first experiment and m the secon i 
was 0082 gm In two experiments m xxhich the mercaptunc aci xvM 
isolated from the urme of rats dosed with fluorobenzene nme cmoro o 

1 All melting points reported herein are uncorrected 
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extractions were performed In both cases the first three extracts were 
found to contam most of the mercapturic acid, the second three extracts 
contamed a small quantity, and the third three extracts did not contam 
a significant amount of the compound 

In the isolation of p-fluorophenyhnercapturic acid from the urme of rats 
which had mgested p-fluorophenyl-Z-cysteme (6) the residue obtamed on 
evaporation of the chloroform extracts consisted of little more than the 
mercapturic acid and readily yielded the pure compound on crystalhzation 
from aqueous ethanol On the other hand, the evaporation of the chloro- 
form extracts of the urme of rats dosed \vith fluorobenzene yielded a resi- 
due which contamed a high proportion of oily material It was found, 
however, that the mercapturic acid could be separated from the oil by 
makmg use of the high solubihty of the oil and the low solubility of the 
mercapturic acid m cold chloroform 

In order to test the effectiveness of the isolation process employed m 
the present work a recovery experiment was performed with urme col- 
lected from a group of rats which had been dosed with fluorobenzene by 
subcutaneous injection From a 100 ml portion of this urme 0 114 gm 
of pure mercaptunc acid was isolated To another 100 ml portion of this 
urme was added a neutralized solution (2 ml ) of 0 050 gm of synthetic 
p-fluorophenylmercapturic acid This urme yielded 0 161 gm of mercap- 
turic acid, which represents a recovery of 94 per cent of the added com- 
pound 

Excretion of p-Fluorophenylmercaptunc Acid Following Administration 
of Fluorobenzene to Rats by Stomach Tube — Male white rats were used m the 
experiments m which fluorobenzene was admmistered by stomach tube 
The animals were housed m metabolism cages which permitted the collec- 
tion of urme separate from the feces They were fed on a diet which con- 
sisted of Master Fox Breedmg Ration (Toronto Elevators Limited) supple- 
mented with fresh milk daily and whole w'heat bread twace a week In 
order to avoid contammation of the urme with fallen food the rats were 
fed m a separate cage twice daily for periods of 1 hour each, and the urme 
excreted durmg these periods w'as not collected The animals had access 
to drinkmg water at all times The urme excreted by the rats w hile they 
were m the metabolism cages w as collected daily from the time of admmis- 
tration of the first dose of fluorobenzene until 2 days after the last dose of 
the compound had been given The collected urme was stored m the re- 
frigerator 

Six rats were each given 0 25 ml of fluoiobenzene bj stomach tube daily 
for 4 days and durmg this period their average bod\ weight fell from 273 
gm to 232 gm In the same period the average bod^ weight of a group 
of SIX undosed rats which were fed and housed under the same conditions 
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fell from 266 gm to 256 gm The dosed animals received a total of 6 1 
gm of fluorobenzene and ■when the isolation procedure described above i\as 
apphed to the unne 0 202 gm of a colorless crjstallme product i\as ob- 
tamed This material melted at 158-159° and ivhen it was mixed inth 
synthetic p-fluorophenyhnercapturic acid, m p 158-159°, the melting 
pomt was unchanged When analyzed the compound yielded the folloii- 
mg results 

CiiH, OiFNS Calculated C 51 33, H 4 70, N 5 45, S 12 47 
Found “ 51 29, “ 4 47, “ 6 56, “ 12 SO 

The specific rotation of a 1 per cent solution of the compound m ethanol 
was [aln® = —19° 

The determmation of its equivalent weight by titration with 001 i» 
sodium hydroxide solution yielded 260 The calculated equiv alent weight 
of p-fluorophenylmei cap tunc acid is 257 

On the basis ot these various findmgs it appeared that the compound 
isolated from the urme m the above experiment w as p-fluorophenj Imercap- 
turic acid This was supported by the results of experiments (described 
later) m which the compound was submitted to decomposition by acid and 
by alkah 

A second group of slx rats was dosed w ith fluorobenzene by stomach tube 
under the conditions of the first experiment Each rat received 0 25 ml 
of fluorobenzene dailj" for 4 days The animals received a total of 0 1 
gm of fluorobenzene and from their urme 0 312 gm of crystallme product 
was obtamed This material melted at 158-159°, and had a specific rota 
tion of (ajo* = — 19° for a 1 per cent solution in ethanol Durmg the ev- 
penment the aveiage weight of the animals m the group fell from 2CS gni 
to 238 gm 

Excretion of p-l' luorophcnyhnercaptunc Acid Following Administration 
of Fluorobenzene to Rats by Subcutaneous Injection — ^^he conditions o 
housmg and leedmg the rats and the collection of urme were the same m 
the experiments ui which fluorobenzene was mjected subcutaneous!} as 
m those m which the compound was given by stomach tube Male whi e 
rats were used m the experiments . 

In an experiment wuth slx rats 0 25 ml of fluorobenzene was mjec e 
daily for 4 da 3 s under the skm of the back of each anrnial Alt oug 
this amount of fluorobenzene did not kill anj of the rats, the} 
poor condition at the end of the dosmg period and their average 1 
weight had fallen fiom 288 gm to 254 gm These rats receive a o 
of 6 1 gm of fluorobenzene and from their urme 0 189 gm of co 
crystals was isolated by means of the procedure already deacri 
product melted at 158-159°, and when it was muxed with synthetic p- u 
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phenylmercaptunc acid the melting pomt was not depressed On analysis 
the isolated compound yielded the followmg results 

CuHisOiFNS Calculated C 51 33, H 4 70, N 5 45, S 12 47 
Found “ 51 44, “ 4 83, “ 5 46, “ 12 75 

The specific rotation of the compound was = —19° for a 1 per cent 
solution m ethanol 

The conclusion that the compound obtamed from the urme m the above 
experiment uas p-fiuorophenyhnercapturic acid was supported bj the 
results of experiments m uhich it was decomposed by acid and by alkah 

In a similar experiment to that just described another six rats were each 
given 0 25 ml of fluorobenzene by subcutaneous mjection daily for 4 days 
and dunng this period their average weight fell from 281 gm to 254 gm 
From their urme was isolated 0 349 gm of crystalhne product which 
melted at 158-159° and which had a specific rotation of [«]“ = —19° for 
a 1 per cent solution m ethanol 

Decomposition, by Alkah and by Acid, of Compound Isolated from Urine 
of Rats Dosed until Fluorobenzene — The experiments described below were 
performed m order to test the conclusion that the compound isolated from 
the urme of rats dosed with fluorobenzene was p-fluorophenylmercaptunc 
acid 

A study w as first made of the decomposition of synthetic p-fluorophenyl- 
mercapturic acid by alkah 0 050 gm of the synthetic compound was 
heated wuth excess of 2 N sodium hydroxide solution m a boihng water 
bath Ammonia w’as evolved durmg the heatmg process, and when the 
solution w as cooled and acidified wuth hydrocblonc acid a milky precipitate 
formed which settled as an od on standmg The oil w as probably p-fluoro- 
phenyl mercaptan It had a strong mercaptan odor, it was soluble m 
ether, and when dissolved m aqueous ethanol it decolorized lodme solution 
with the formation of an oily precipitate In this connection it should be 
noted that Seyhan (7) reported that he was unable to obtam a crystalhne 
disulfide by the oxidation of p-fluorophenyl mercaptan ^Vhen the com- 
pound isolated from the urme of rats dosed with fluorobenzene was sub- 
jected to experiments of the tx'pe described abox’e, it behax ed m the same 
manner as the synthetic mercapturic acid and no difference could be de- 
tected m the odors of the oily products which were formed on acidification 
of the solutions obtamed after heatmg the isolated and synthetic com- 
pounds wuth an excess 0^2 n sodium hydroxide solution 

Suitable conditions for the conversion of p-fluoropheny Imercapturic acid 
to p-fluorophenyl-Z-cysteme by acid hydrohsis were determmed by means of 
experiments ivith the synthetic mercapturic acid These conditions were 
then employed m the decomposition of the compound isolated from the 
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urine of rats dosed inth fluorobenzene by stomach tube 0 162 gm of this 
compound uas boded imder a reflux for 1 hour with 5 ml of 25 per cent 
(by volume) sulfunc acid The solution was cooled m ice, filtered, and the 
filtrate was made neutral to Congo red by the addition of ammonia The 
crystalhne precipitate which formed was filtered, washed with water, and 
after bemg dried over phosphorus pentoxide in vacuo it weighed 0 097 gra 
On analysis it yielded the folloivmg results 

CjHioO FNS Calculated, C 50 20, H 4 68, found, C 50 28, H 4 70 

It decomposed at 180-183° and had a specific rotation of [ajl^ = -}-13°for 
a 1 per cent solution m 0 1 n sodium hydroxide Synthetic p-fluorophenji 
Z-cysteme decomposes at 180-183° and has a specific rotation of {a]^ = 
-f-13° for a 1 per cent solution m 0 1 n sodium hydroxide (6) In an expen 
meat sirmlar to that described above, 0 146 gm of the compound isolated 
from the urme of rats dosed wuth fluorobenzene by subcutaneous injection 
xvas decomposed by acid The crystallme product which was obtained 
weighed 0 096 gm It shoxved the same decomposition point and specific 
rotation as synthetic p-fluorophenyl'Z-cjsteme and when analyzed it 
yielded the follow mg results 

C,H;<,0,FNS Calculated, C 50 20, H 4 68, found, C 50 23, H 4 66 

The results of the decomposition experiments all supported the conclu- 
sion, reached on other grounds, that the compound isolated from the uime 
of rats dosed with fluorobenzene was p-fluorophenylmercaptunc acid 

DISCUSSION 

A description has been given of the isolation of a crystalline 
from the urme of rats dosed with fluorobenzene by stomach tube or by 
subcutaneous mjection This compound has been identified as p-fluoro- 
phenylmercapturic acid on the basis of its analysis, meltmg pomt, mel ing 
pomt when mixed with synthetic p-fluorophenylmercaptunc acid, speci o 
rotation, behavior on decomposition with alkali, and by its conversion o 
p-fluorophenvl-f-cy Sterne by acid hydrolysis In two evperuiients m 
which rats were given fluorobenzene by^ stomach tube the amounts 
mercaptunc acid which were isolated corresponded to 1 2 and 1 9 
of the fluorobenzene admmistered When fluorobenzene was ^ 
subcutaneously mto rats, 1 2 per cent of the compound was obtaine ^ ^ 
the urme m the form of the mercaptunc acid m one experiment an 
per cent m another In every experiment the amount of mercap ^ 
isolated was small m relation to the amount of fluorobenzene a 
It should be noted, however, that not all of the mercaptunc aci e 
by the rats w as isolated m these experiments The urme evere ^ 
the rats were m the feedmg cage was not collected and a sma pr 
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of the urine was lost m this way Some loss of mercapturic acid also oc- 
curred m the isolation process, although the results of recovery experiments 
suggest that such loss was not great 

The mvestigations of numerous workers have established that chloro- 
benzene, bromobenzene, and lodobenzene are metabolized by various 
mammalian species m such a way as to give rise to the correspondmg p-halo- 
gen-substituted phenylmercapturic acids As a result of the present 
findmg that p-fluorophenylmercapturic acid is synthesized from fluoro- 
benzene m the rat, the generalization can now be made that all the mono- 
halogen-substituted benzenes have been shown to be converted to mercap- 
turic acids in tnvo 


SUMMARY 

p-Fluorophenylmercapturic acid has been isolated from the urme of rats 
followmg the a dminis tration of fluorobenzene by stomach tube or by sub- 
cutaneous mjection The isolated compound has been identified by analy- 
sis and by comparison of its properties with those of synthetic p-fluoro- 
phenylmercapturic acid 

One of us (S H Z ) is mdebted to the Bantmg Research Foundation for 
a personal grant 

The microanalyses reported herem were performed by Mr Michael 
Edson 
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INVESTIGATIONS OF AMINO ACIDS, PEPTIDES, AND 
PROTEINS 


XVI A SOXmCE OF ERROR IN THE MANOMETRIC NINHYDRIN METHOD 
FOR THE ANALYSIS Of AMINO ACIDS AND ITS SUPPRESSION 
BY THE USE OF HYDRAZINE* 

Br HERMANN F SCHOTT, LOUIS B ROCKLAND, and MAX S DUNN 
(From the Chemical Laboratory, University of California, Los Angeles) 

(Received for publication, April 12, 1944) 

A method for the analysis of a-ammo acids based on the manometnc 
measurement of carbon dioxide liberated by the action of nmhydrm was 
reported by Van Slyke, Dillon, MacFadyen, and Hamilton (2) m 1941 
It was found that this method is specific for a-ammo acids and gives quanti- 
tative lesults at some pH between 1 and 5 Improvements in the proce- 
dures were descnbed m subsequent papers by MacFadyen (3), Hamilton 
and Van Slyke (4), and Van Slyke, MacFadyen, and Hamilton (5) 

It has been found by the present authors that net pressures higher than 
the theoretical Pcoj values result when several of the amino aeids are ana- 
lyzed by the manometnc procedure described The formation of certam 
aldehydes which distil into the manometnc chamber and affect unequally 
the two pressure readings is believ ed to be the source of this error A simple 
modification of the method devised to overcome this difficulty and a senes of 
test data are reported m the experimental part 

EXPERIMENTAL 

Apparalus — ^The portable Van Slyke-Neill apparatus (6) was used to 
measure carbon dioxide The cahbrated glass spoons and alkali storage 
vessels were patterned after those of Van Slyke and Folch (7) and the adapt- 
ers, clamps, glass rods, and mercury bottle after those of hlacFadyen (3) ‘ 

Reagents — Nmhydrm purchased from the University of Illinois was pul- 
verized and stored m a dark bottle - Solid citrate buffers ofpH25and47, 
2 0 N lactic acid solution, 5 0 n sodium hydroxide solution, and nearly 
carbon dio\ide-free 0 5 n sodium hydroxide solution were prepared accord- 

* For Paper XV m this senes see Dunn et al (1) This work nas aided by grants 
from the Gelatin Products Company, Merck and Company , Inc , and the University 
of California 

1 In some of the experiments on methionine the all-glass vessels advocated by 
Hamilton and Van Slyke (4) were employed 

* The later expenraents utilized ninhydrin prepared by Mr R C Bovie as a stu- 
dent exercise, using the procedure of Teeters and Shriner (8) 

397 
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ing to the directions given by Van Slyke et al (2), and solutions of 0 5 n 
sodium hydroxide and of 2 0 N lactic acid m 25 per cent sodium chlonde 
accordmg to the directions of MacFadyen (3) A solution of 0 5 n sodium 
hydroxide and 0 15 m hydrazme was prepared by dissolvmg 5 gm of hy- 
drazme sulfate m 200 to 230 ml of carbon dioxide-free distilled water m a 
250 ml volumetric flask, coolmg the mixture m ice, addmg 12 2 ml of 16 7 
N sodium hydroxide solution, and addmg distilled water to the mark The 
solution was thoroughly mixed and transferred to a storage vessel designed 
to protect the alkali solution from contamination by carbon dioxide’ 
A second solution of 0 5 n sodium hydroxide and 0 15 m hydrazine was 
prepared m the same manner except that the reagents were made up m 25 
per cent sodium chloride solution rather than distilled water 

Ammo Acids — An approximately 100 to 200 mg sample of the ammo 
acid'* was weighed to 0 1 mg and transferred to a 25 or 50 ml cahbrated 
volumetnc flask The sample was dissolved and the solution diluted to 
volume ivith sufficient distUled water or dilute hydrochlonc acid All 
solutions not analyzed at once were preserved m the refngerator 

Experimental Procedures — A. 1 ml aliquot of the ammo acid solution 
was transferred to the reaction flask with a cahbrated pipette Sohd buffer 
(50 mg ) and, if the pH of the solution was not at the desired level, the 
required quantity of trisodium citrate were added The adapter was put 
m place, the solution was evacuated for 2 mmutes, the adapter was removed, 
and about 50 mg of nmhydnn were added The adapter was replaced 
and the solution was evacuated for 10 seconds The flask was sealed (3), 
placed m a rapidly boding water bath for a measured period, and trans 
ferred to a 37-39° bath After approximately 2 mmutes the flask vas 
removed from the bath and connected immediately with the manometno 
apparatus (3) which previously had been charged wutb one of the four types 
of 0 5 N sodium hydroxide solution 

The carbon dioxide resultmg from the reaction with nmhydnn was 
measured by each of the followmg three procedures . 

Original Technique — The procedure described by Van Slyke ei a ( 
and MacFadyen (3) for the absorption of the carbon dioxide m a 
solution of sodium hydroxide m water or m 25 per cent sodium c on ^ 
solution was followed The complete absorption of the carbon dioxi e 
msured by lowermg the mercury eleven times m analyses vnth 
contammg distdled water and six times with reagents contaming 
cent sodium chlonde solution as solvents Following these mampu 
the mercury level was raised to the naiddle of the chamber, the upper 

* This solution was essentially the same as that used by Van Slyke and 

for combusteon analysis of carbon , 

* Ammo Acid Manufactures' c p or a p grade or Alerck and Comp 
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^\as closed, ind the reaction flask was remo\cd ^ The remaining mampu- 
lations were earned out as dcscnbcd bj \aa SI>ke el al (2), except that, 
attcr the addition of the I ictic acid, the apparatus was shaken lor 5 mmutes 
wnth the mercurj lt\cl at the 50 ml mark to equilibrate the carbon dioxide 
in the two phases 

Double. Lqutlihralion Icchnique — The onginal technique was followed 
except th.it the rcsidu.il gases and the alkaline lactate solution were equih- 
brated wath the mercurj lex el at the 50 ml mark before the pressure (p.) 
was read at 2 ml xolumc In practice the pz xalue measured b\ the ‘ dou- 
ble equilibration technique” was usualh determined immediateh alter the 
P; xalue bi the “onginal technique” had been recorded 

Hydrazine Technique — This techmque differed from the “ori ginal tech- 
mque” onl> m that a 05 n sodium hjdroxide and 0 15 m hjdrazme (in 
water or sodium chlonde solution) solution was used as absorbent tor the 
carbon dioxide 

Blank xalucs, established for distilled water and all reagents except mn- 
hjdnn, were about 0 5 mm lower by the “double eqmhbration” than bj 
the “onginal techmque ” 

Calculalione — Factors for conxertmg the differential pressures to milli- 
moles were calculated from the data gixen bj Van Sljke el al (2) for 0 5 N 
sodium hjdroxide and 20 n lactic acid, bj Van Sljke and Folch (7) for 
similar solutions contaming hjdrazme, and bj MacFadjen (3) for reagents 
contammg 25 per cent sodium chlonde with and without hjdrazme In 
the latter case it was assumed that hjdrazme has a neghgible effect on the 
solubilitj of carbon dioxide The manometnc chamber was cahbrated 
accordmg to the directions of Peters and Van Slj ke (9) and all other x olu- 
metne apparatus bj standard procedures 

In most of the expenraents the reaction mixture xxas buffered at pH 2 5 
and the carbon dioxide was measured xxith reagents made up m 25 per cent 
sodium chlonde (3) (see Table I) \ few ammo acids were also analjzed 
with reaction mixtures buffered to pH 4 7 (see Table II) Reagents made 
up m distilled water onlj (2) xxere Used to measure the carbon dioxide 
exolxed m a few exjienments to test the effect of salt (Table TV ) 

DISCUSSION 

It xxas observed xxith most oi the ammo acids that the hberation oi 
carbon dioxide xxas completed dunng the first few mmutes oi heatmg In 
other cases heatmg xx as prolonged until the pressure readmgs xvere constant 
or dependable rate curves established from which the values for carbon 
dioxide at the standard times could be determmed bj mterpolation 

* If, before the upper cock is closed, nearlj all of the gas is returned to the reaction 
flask by raising the mercury level nearlj to the 2 ml mark, the excess pre.sure is 
somewhat less than that obtamed b> the described procedure 
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Table I 

Manomelnc Analyses of Vanous Amino Acids by Means of Reaction with Ninhydnn 
at pH S 5 with Salt-Saturated Reagents 
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Tvdle I — Concluded 

§ The ammo acid ivaa disioKcd m dilute hydrochloric acid Each sample was 
brought to pll 2 5 with the requisite amount of buficr of pll 4 7 before the 60 mg of 
buffer of pH 2 5 wore added 

1 ] The reaction time was 10 minutes 

? The quantity of carbon dio\idc e\ olved in 7 minutes was estimated by interpola- 
tion of the curve given in 1 ig 1 

*• The reaction tune was 5 minutes 

The cLita gnen m Table I indicate that the mean values obtained m 
the analysis of alanine, isoleucine, leucine, norleucine, and norvalme by 
the “onginal technique” are from about 2 to 13 per cent higher than the 
theoretical amounts The errors with these ammo acids are reduced m 
analyses by the ‘‘double equilibration technique,” while they are negligible 
by the “hydrazine technuiue ” The latter was the less satisfactory only in 
the case of a aminocapryhc acid This result may be explamed by the 
formation and deposition on the surfaces of the manometric chamber of a 
coating of thin white leaves which impaired the absorption of the carbon 
diovide It seems probable that this product is hepty lidenehydrazme 
which, according to Darapsky and Adamczewski (10) crystallizes as lus- 
trous white leaflets meltmg at 133-136° The 2 0 n lactic acid solution, 
added subsequently, dissolved this product 
The behavior of those amino acids observed to give abnormal values even 
by the hydrazine technique is represented by the curves given m Fig 1 
Although glycine is abnormal (Table I), no curve is shown, smee the evolu- 
tion of carbon dioxide stops in a few mmutes (Table V) Although 
cysteme reacts more slowly than cystine and all but a few of the other 
ammo acids, approximately the theoretical amount of carbon dioxide is 
finally liberated The observation that more than the expected 2 moles 
of carbon dioxide is produced from cystme at pH 1,2 5, and 4 7 differs 
from that of Van Slyke cl al (2) who obtamed less than 2 moles of carbon 
dioxide at pH 2 5 and 4 7 It seems probable that the expected 1 mole of 
carbon dioxide would result from a-ammo-a-ethyl-n-butyric acid if the 
reaction time were prolonged to 2 to 3 hours, although it may be assumed 
from the data m Table II that the original technique would give an errone- 
ously high value 1 mole of carbon dioxide is evolved rapidly from lysme 
and a 2nd mole at a slower rate, decreasing with mcrease m acidity of the 
medium Carbon dioxide is liberated from tryptophane slowly at pH 2 5 
in amounts approaching those obtamed at pH 4 7 (Table II) 

The relatively high values found with certain ammo acids by the origmal 
technique indicate that some volatile substances m addition to carbon 
dioxide were present Since there was marked improvement by the double 
equilibration technique, it seems probable that these substances were 
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not acids Because the odor of the fluid ejected from the manometnc 
chamber was strongly aldehydic when the ongmal or the double eqmlibra 
tion techmque was used and was pleasant and sbghtly ammomacal, but not 
aldehydic, when the hydrazme technique was employed, it was assumed 
that the volatile substances were aldehydes Accordmg to Abderhalden 
(11) aldehydes are formed by the reaction of these ammo acids with 
nmhydrm Apparently, hydrazme acts to suppress the “aldehyde error” 
by transformmg aldehydes to products of low volatihty 



Fio 1 The course of reactioa of some amino acids with 60 mg of ninhydnn m 
1 ml at 100° Cystine at pH 2 5 O, at pH 1 0 (0 1 n HCl) A, at pH 4 7 □, lysme M 
pH 4 7 #, at pH 2 5 A, cysteine at pH 2 5 ■, tryptophane at pH 2 5 X, o-ammo-a;' 
ethyl-n-butync acid at pH 2 5 +, at pH 4 7©, prohne at pH 250 

The folio wmg experiments were performed m order to determme the 
effect of pure aldehydes on the analysis by the nmhydnn method of car on 
dioxide liberated from sodium carbonate 1 ml of 0 035 m sodium 
bonate solution, 01ml ofaOdM solution of a pure aldehyde, and a ^ 
mg of a buffer mixture of pH 2 5 contamed m a glass cup of about ^ 
capacity attached to a glass stilt were placed m a reaction flask ® ^ 
was evacuated and sealed m the usual manner, the buffer was sp 
upsetting its contamer, the flask was placed for 5 rmnutes m a bo ® 
bath, and the liberated carbon dioxide was determmed by t e 
procedure, as previously described It may be noted from t e 
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m the 

thTonm “ ProP'oinldchydc, and isobutyraldehyde by 

ho ongnul technique is in c\ceb.s of the theoretical amount by about 1 3^ 
and S per cent. rci,pectively It ,s evident, also, that the carbon dioxide 


Taiilu II 

Ifanomclnc inaly.cz oj Vanous Im.no led. by Means of licactton v>Uh Nxnhydnn 
— ^ ^ u?iM Salt Saturated Reagents 


AmtQQ acitj 


dl Alanine 

U+)-ArgininG monohj drochlorido 
Asparagine monohj dratc (natural form) 
i(-)-Cy3tine 

a*Amino-a-ethyl-n butyric acid 
Gljcmo 

f(— )-Leucinc 
dt-Ljsino dihydroehloride 
K~)-Tryptophane 
dMIethionine 

t(— )-ProIine 

t{— )-Hydroxyproline 


Quaniiiy 

pcrdelcf 

minattoo 

COi found per reoJe ammo acid 
analyzed 

Original 

technique 

Double 

equihbra 

lion 

technique 

Hydrazine 

technique 

mxtrenuAu 

melts 

moles 

moles 

30 



1 002 

24 

1 006 

1 006 

1 005 

35 



1 050 

8* 



1 98t 

37 

0 2821 

0 264t 

0 22t 

39 

0 974 

0 974 

0 976 


0 979 

0 978 

0 972 

32 



1 000 

20 



1 27t 

21 

0 987 

0 988 

0 983 

30-36 

] 010 

1 010 

I 014 


1 009 

1 009 

1 017 

34 

1 on§ 

1 012 

1 010 



1 007 

1 009 

30 

1 016 

1 006 



0 996 

0 996 



I 005 




Unless otherwise indicated, the values entering into the hated means resulted 
sufficiently long to yield steady values 

The cystine was dissolved m 0 I N hydrochloric acid Immediately before the 
added, 20 mg of trisodium citrate dihydrate and 50 mg of buffer of 
ptl 4 7 were added to bring the pH to 4 7 

t The quantity of carbon dioxide evolved in 6 minutes was estimated by interpola- 
tion of the curve given in Fig I 
I The reaction time was 10 minutes 

§ Mean of five determinations, with a mean deviation of 0 5 per cent 


present and that found by the hydrazine technique agree, in each case, 
wimm negligible limits of experimental error 

istilled water was used by Van Slyke et al (2) as the solvent for the 
regents employed for the analysis of ammo acids, whereas MacFadyen 
\ ) utilized 25 per cent sodium chloride solution for this purpose The 
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carbon dioxide could be determined more accurately by the latter method 
because of its relatively low solubility in salt solutions 

The present authors’ experimental data (Tables I, II, and IV) strongly 
support the \ lew that the “aldehyde error’’ is accentuated by the use of 
reagents containing sodium chloride By the ongmal technique values for 
leucme, isoleucme, and valine more than 4 per cent higher than the the 
oretical amount u ere obtamed even with reagents prepared with distilled 
watei On the other hand, it was found, m harmony with the results of 
Van Slyke et al (2), that the analysis of alanine with “distilled water 
reagents” gives the theoretical value by any of the three stipulated tech 
niques 

It was considered desirable for practical purposes to determme the 
approximate tune required for 99 9 per cent completion of the reaction of 


Table III 

Effect of Aldehydes on Manomelnc Analysts of Sodium Carbonate with Salt Saturated 

Reagents 


1 

Aldehyde 

CO, found per mole NiiCOi present 

Ongmal technique 

Double equilibra 
tion technique 

Hydramc tech 
Djqoe 


motes 

metes 

melts 

None 

1 002 

1 001 

0 998 

Propionaldehyde 

1 027 

1 007 

1 006 

n-Butyraldehyde 

1 014 

1 004 

0 998 

Isobutyraldehyde 

1 081 

1 006 

1 003 


the ammo acids with nmhydrm The desired information was calculated 
by means of the first order law (2, 4) 


—log (1 — X|) 

Values of ti and Xi for the ammo acids which react normally were 
from analyses at pH 2 5 and 100° with 1 or 2 mmute time mtervals o 
spending data for the ammo acids which react abnormally were obtame 
mterpolation from the curves given m Fig 1 
It IS of practical mterest to note (Table V) that, of all the ammo ^ 
studied, only a-ammo-a-ethyl-n-butyric acid, cysteme, and of 

more than 7 mmutes under the mdicated conditions for the i 
99 9 per cent of the expected amount of carbon dioxide Of some 
cal significance are the observations that the rate of evo u ° 
dioxide 13 mcreased by lengthenmg the carbon cham excep m 
glycme, as well as by mtroducmg substituents except a-a , 
/3-mdole, and /3-sulfhydryl groups It appears, further. 
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ammo acids norleucme, leucine', isoleucine, and aminoethylbutyric acid 
react at rates decreasing m the order given 
The data obtamed bj means of the manometnc nmhydnn method appear 
to be as reliable as other quantitative procedures for the determination of 
punt} of ammo acids The evidence on which this conclusion is based 
13 gi\ en in Table VI In the case of glycme the values are sufficiently 
consistent to be dependable, although the results obtamed from the analjsis 
of 30 to 40 micromoles of this ammo acid with 50 mg of buffer and 50 mg of 

Tvble IV 


Manometnc Analysci of Vanous -imino Acids by Means of Reaction with Nmhydnn 
at pH 3 5 with Salt-Free Reagents 




OngiDxl technique 

Double equiUbrutiOD 

Hydnzinc technique 


Quad 

c- 

COi per mole 


COj per mole 


COi per mole 

\mmo aud 

deter- 

•S-2 

Axnmo xcxd 

n c 

-S^ 

Ammo ACid 


amino aad 


tlOD 

nS 


Mcad 

w It 


Mcad 

"o S 


Menn 



0 S 

2 

Meu 

devu 

UOQ 

z 

Mcad 

devu 

Uon 

ol 

z 

Mcad 

de\u. 

Uon 


Kia^ 

meUs 


males 

P<f 

<aU 


mails 

pet 

ceni 


males 

per 

ceni 

df-Uanine 

35 

3 


0 1 

3 


0 0 

1 



dZ- Aspartic acid 
Z(+)-ijIutamic 

20 

1 

1 992 


1 






acid 

35* 







1 

■ilim 


df-lsoleucine 

30 

2 

1 054 

0 0 

2 


0 7 




Z(— )-Leucine 

32 

2 

1 016 

0 4 

2 


0 8 

2 


0 1 

^/i-Xorleucine 

36 

2 

1 012 

0 1 

2 


0 0 




aline 

37 

2 

U!^ 


2 


0 2 




df-Valine 

35 

2 

1 044 


2 

IRg 

0 2 




dZ-Methionine 

31 

3 



2 

yS 

0 3 





Unless otherwise indicated, the values entering into the listed means resulted 
from reaction times sufficiently long to yield steady values 

* The glutamic acid was dissolved in 0 024 N hydrochloric acid, the solution was 
not neutralized, and the pH was about 2 1 after the addition of buffer 

nmhjdrm m 1 ml of water must be multiphed by 1 083 for reactions nm 
at pH 2 5 and by 1 025 at pH 4 7 It was assumed m demmg these factors 
that the glycme preparation (Table AH) was analytically pure However, 
Van Sly Le et al (2) found glycme to react quantitatively at pH 4 7 

Ljsme and cystme evolve additional carbon diovide so rapidly imder 
the experimental conditions that no accurate empincal rules could be de- 
vised Accordmg to Van Slyke el al (2) lysme may be determmed most 
satisfactorily by the ninhydrm method if the reaction is conducted at pH 
1 0 Cystme might best be determmed by reduction followed by the nm- 
hydrm analysis of the resultmg cysteme 
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At the present tune analyses by the nmhydrin method of ammo acids 
m biological matenals have only comparative value The accuracy of such 
data IS unknoivn and could be determmed only from a study of the mterac 
tions of the naturally occurrmg ammo acids Although such mvestigations 
were not made, a solution contammg an approximately equimolar nuxture 
of seventeen ammo acids® found m protem hydrolysates was analyzed The 
solution used for this purpose was prepared by dissolvmg the pure ammo 


Table V 

Time Required for Decarboxylation of Various Amino Acids in Approximately OOS u 
Concentration by 5 Per Cent Solution of Ninhydnn at 100° and pH S6 


Ammo acid 

Tune 

Amino aad 

1 (— )-Hydtoxyproline 

min 

1 2* 

di-a-Ammocaprylic acid 

1(— )-Ly8ine 

1 2t 

Z(—) -Leucine 

Z(— )-Histidine 

1 4* 

dl-Threonine 

Z(— )-Tyro3ine 

1 9* 

dl-Serme 

Asparagine (natural) 

2 2* 

dl-Norvaline 

i(+)-Arginine 

2 5* 

dl-Methiomne 

dl-Phenylalanine 

2 7* 

dl-Isoleucine 

Z(— )-Cyatine 

2 9t 

Z(— )-TryptophanB 

Glycine 

2 9* 

dl-Alanine 

Z{+)-Glutamio acid 

2 9* 

dl-Valine 

dl-Aspartie acid 

3 0* 

f(— )-Cysteine 

Z(— )-Proline 

3 2t 

a-Ammo-a-ethyl-n-butyno 

dl'Norleucine 

3 2* 

acid 


Time 


3 2t 
3 4* 

3 V 

4 1* 
4 2* 

4 6* 

5 8* 

6 3§ 
6 6 * 
8 3* 
12 0 { 

10011 


* The time required to reach 99 9 per cent of the 10 minute value was eatunate y 
the first order law from a 1 or 2 minute value obtained by means of the bydiaun 
technique , 

t The time required to reach the theoretical value was interpolated from e 
propriate curve in Fig 1 mated 

t The time required to reach 99 9 per cent of the theoretical value was es 
by the first order law from a 2 minute value obtained by means of the ongina 

§ The time required to reach 99 9 per cent of the asymptotic value was inter? 
from the appropriate curve in Fig 1 

II 90 per cent of the theoretical value was obtained in 90 minutes 

acids, each weighed to 0 03 mg , m 0 112 n hydrochloric acid, 
the mixture to a 25 ml volumetnc flask, and diluting the so u ion 
flask to the mark 1 ml aliquots of this solution were analyze 
results shown in Fig 2 

‘ The following ammo acids were employed in concentrations dl 

to 3 96 mM per liter of solution dl-alamne, ^lAFargimne ®ono ^ ,soleucine, 
aspartic acid, 1(— )-oystine, l(+)-glutaimc acid, glycine, <(- dl seno®' 

l(— )-leucine, dl-lysine dihydrochloride, dl-norleucine, dl-p i 
dl-threomne, U-)-tryptophane, l{-)-tyrosine, and dl-valme 
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It IS of interest that tlie \ alues obtained by either the double equilibra- 
tion or the h>drazinc teLhnique agree closely with those estimated by 
sumni ition of the \ alues interpolated from the experimental curves repre- 
senting the rates at which carbon dioxide was liberated from each of the 
seientcen ammo acids as measured by the hydrazine technique Further- 
more, approximately 1 mole of carbon dioxide per unit of reactive carboxyl 
was formed in G to 8 minutes at 100° and pH 2 5 It is evident that the 
error is about 2 5 per cent when the carbon dioxide is measured by the 
onginal technique with reagents made up in 25 per cent sodium chlonde 



Fiq 2 The reaction of a mixed amino acid solution with mnhydrm at pH 2 5 and 
100° The curve is drawn through points calculated from the data previously ob- 
tamed by study of the reactions of the individual amino acids with mnhydrm by the 
ydrajme technique The open symbols represent measurements made with reagents 
containing 25 per cent sodium chloride, while the solid symbols represent measure- 
ments with salt-free reagents Measurements made by the onginal technique are 
plotted as triangles, those by the double equilibration technique as squares, and 
t ose by the hydrazine technique as circles 

solution Analyses run at pH 4 7 proved less satisfactory, the estimated 
value and that measured directly by the hydrazme teohmque bemg approxi- 
mately 101 and 102 5 per cent, respectively, of the theoretical amount 

Theoretical Considerations 

In its most general form the manometnc method for measurmg a gaseous 
substance m a 2-phase system may be described as follows 
Step 1 ^Xhe gaseous phase is brought mto equdibnum wth an aqueous 
phase, the gas volume bemg Gi, the aqueous volume S, and the Ostwald 
distribution constants an for substance A, a'la for substance B, etc 
Step 2 ^The gas is compressed rapidly to a volume o at temperature t 
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Table VI 

Esliniated Per Cent Purity of Purified ■imino Acids Based on Ninhydnn 
(Bydrazine Technique) and Other Methods of Analysis 


\miiio acid 


Impurities 

Punty 

Moisture 

■\sh 

Inorganic 

ions 

Fonnol 

titra 

tjon 

Ninhvdna 

inxQ'sis 

dl-a- Aminocaprylic acid 



<0 04 


100 1 ±0 4* 

di- -Uanine 


<0 016 



100 2 ± 0 3 

Z(+)-Arginine monohy drochlondef 

<0 01 

<0 02 

<0 004 


100 5 ± 0 4 

Asparagine monohydrate (natural)t 

11 S9 


<0 04 

98 4t 

99 4 d: 0 4{ 

dl-Aspartic acid 

<0 003 


<0 004 

100 0 

99 6 ±03 

f(— )-Cysteine hydrochloride§ 



<0 004 

98 6 

99 3 

Z(— )-Cystinell 


<0 02 

<0 004 


101 2? 

a-Ammo-oeethyl-n-butync acid 

<0 05 


<0 004 

99 9 

>90 

Z(+)-Glutamic acid 



<0 004 

99 6 

99 5 = 0 2 

Glycine 

<0 02 

<0 026 

<0 004 

99 9 

97 6d:0 !•' 

Z(— )-Hi3tidine 



<0 04 


90 9i0 2 

1(— )-Hy droxy proline 



<0 15 


99 S±0 2 

dZ-Isoleucine 

<0 OS 

<0 02 

<0 004 

100 1 

99 S±0 2 

1(— l-Leucinett 

<0 02 



99 7 

100 0 ± 0 2 

df-Lysine dihydrochlondett 





109§§ 

dl-Methionine 

<0 01 

<0 02 

<0 004 


101 1±0 4 

dl-Korleucine 

<0 06 

<0 02 

<0 004 

100 2 

100 1 ± 0 0 

df-Kor valine 

<0 01 


<0 004 

100 0 

100 2 ± 0 3 

dl-Phenylalanine|l|| 



<0 04 

100 0 

100 0 ± 0 3 

i(— )-Proline 



<0 15 


101 0 i 0 3 

df-SenneM^ 

<0 03 

<0 04 

<0 004 

100 3 

99 9 ±0 1 

dl'Threonine 



<0 15 


99 6 ± 0 1 

Z(— )-Trvptophane*** 



<0 004 


9S 3 ± 0 2 

Z(— )-Tyrosinettt 

<0 02 

<0 02 

<0 004 

100 5 

100 1 ±0 1 

dZ-Valine 

<0 01 



100 0 

100 1 ± 0 2 


All of the listed amino acids with three exceptions were syntaesizeo "c 
purified, and analyzed in the authors’ laboratorj dl-Threonine, l(—) PW 
Z(— )-hydro\yproline b ere Merck products, stated to contain less than 0 1 
inorganic ions and, respectively , U 6 to 11 9, 12 0 to 12 3, and 10 6 to 10 S per c 
nitrogen 

* By the "original technique ” , 

t The purity n as 100 5 per cent according to Volhard analy sis of chlon e 
^ The moisture analysis gave 99 0 per cent of the theoretical, thelvje a 
of nitrogen 99 5 per cent, the fomiol titration 101 6 per cent, an ^jj„ijjdroU3 
analysis 100 6 per cent On the assumption that the sole impurity 
aspartic acid the punty of the preparation in asparagine monohy ™ ® 
to the above analytical data is, respectively , 99 0, 99 0, 98 4, an nitrogen 
§ The purity was 97 0 per cent according to Kjeldahl analysis ° jy,d]03 3 

II The purity w as 99 0 per cent according to Kjeldahl analy sis o ni 
per cent by sulfur analysis „„ „ „ b minutes at pH 

^ Value obtained in 8 minutes at pH 1 0 The x alue w as 99 0 m 6 
4 7 and 104 5 in 7 minutes at pH 2 5 
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Tabue VI— Concluded 

*• Value obtained nt pU 1 7 The value at pH 2 5 waa 92 3 
tt Contained Icsa than 0 1 per cent methionine 

The purity was 09 6 per cent according to Volhard anolysis of chloride 
§§ \ alue obtained in 7 minutes at pH 2 5 

|tl| The purity was 100 0 per cent accordint to Kjeldahl analysis of nitrogen and 
100 6 per cent by Van Slj ko nianometric analysis of ammo nitrogen 

^ ^ The puntj i\ as 100 2 per cent according to Van Slyko manometric analysis of 
amino nitrogen 

•*• The purity vvas 97 2 per cent according to Kjeldahl analysis of nitrogen 
ttt The purity nas 99 0 per cent according to Kjeldahl analjsis of nitrogen 

and pressure p Reabsorptvon reduces the consequent supersaturation m 
the gaseous phase of the soluble components A, B, etc , by the factors 
Ju, Jib, etc 

Step 3 — ^The volume of the aqueous phase is altered to Sj and the Ostwald 
distribution constants are changed to a-A, a'tB, etc The system is equili- 
brated at the gas volume Gj 

Step 4 — ^The gas is again compressed to the volume a at pressure pj 
Reabsorption reduces the supersaturation of each component by the factors 
J i, J B, etc 

Generalization of Van Slyke and Neill's (12) Equation 5, ^^^th a change 
in the form of the reabsorption correction, leads to the follow mg expression 
for the contnbution of iVi millimoles of component A to the total differ- 
ential pressure, 

■ 1 

Smce, after the addition of alkali all of the carbon dioxide is m solution, 
I e a'lA ~ 00 where A is CO 2 , and smce G” = o in the original technique, 
this expression simplifies to Van Slyke and Neill’s equation (with a changed 
reabsorption coefficient) Substitution of the value of Van Slyke et al 
(2) for the distribution coefficient of carbon dioxide (at 25°) and the values 
of the other constants for the ongmal techmque leads to an expression for 
Ea, the relative effectiveness of A (any component) and carbon dioxide m 
contnbutmg to the total differential pressure 

E. =. r — ^ 1 X 1 064 

fco, I_l -b 0 064a'iafl + 22 6 jia 1 1 + 1 75a' a J 

Nco, 


17,024(1 + 0 003841) 
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ADalogous expressions are readily derived for the relative effectiveness, 
and in the respective double equihbration and submicromethods 
Although there are no a' values m the literature for aldehyde vapors, the 
relation a! = 16,700 — (S/J), where J is the vapor pressure and B the molal 
solubility of a liquid or solid, holds at least m the neighborhood of satura- 
tion Solubihty values are available for a few aldehydes and vapor 
pressures may be estimated from boilmg pomts Some estimated values of 
a' m water for several aldehydes and the values of Ea, E^, and calculated 
from these and other \ alues of a' on the assumption that ^(HjO) -4 = “u = 
Oca B,ie given m Table VII It is evident from a consideration of these data 
and those given m Table IV that the values of Ba for jia = 0 1 are approxi- 
mately m the same range of magnitude as the experimental “aldehyde 
errors " Insufficient data are available to explam the higher excess pressure 


Table VII 

Relative Contribution of Different Substances to Total Differential Pressures of 
Particular S-Phase Systems 


Substance 

a m water 

111 -01 

bi - 0 11 


^ 1 

4 , 

Ol-DII 

Acetaldehyde 

360 

0 040 

0 012 

0 002 


0 004 

Propionaldehyde 

178 

0 090 

0 023 

0 004 

0 016 

0 008 

Isobutyraldehyde 

158 

0 100 

0 026 

0 004 

0 016 

0 009 

Butyraldehyde 

124 

0 124 

0 033 

0 006 

0 020 

0 012 

Hypothetical substance 

30 

0 32 

0 115 

0 017 

0 063 

0 043 

tt ti 

10 

0 56 

0 27 

0 033 

0 129 

0 117 

0 

p 

II 

0 83 

0 53 

0 448 

0 010 

0 106 

0 499 

0. 

0 031 

0 027 

0 027 

0 oil 

0 006 

0 157 


observed with valme than ivith norvaline The mcrease m Ea which 
accompanies a decrease m a' corresponds to the experimental findingthat 
the “aldehyde error" is accentuated by the mcorporation of sodium chlon e 
m the reagents, thus decreasmg their solvent powei for non-polar su 
stances The relatively low values for (based upon the greater super 
saturation of the gas phase with a resultant greater reabsorption ^ ® 
hyde vapors) mdicate that submicroanalyses performed with the ree 
techniques would probably show less divergence than did the microana yses 
we have reported 

SUMMARY 

It has been found that net pressures higher than the theoretical 
values result when some ammo acids are analyzed by the manometnc 
urement of carbon dioxide liberated by the action of nmhy “ 
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formation of aldehydes uhich exert an appreciable partial piessuie a as 
considered to be the source of this ciror It has been shown that this erroi 
maj be suppressed by the use of reagents containing hydrazine 

V senes of values has been presented denoting the behavior of larious 
ammo acids m leactions with ninhydrm at 100° at several pH le\els bj use 
of reagents with and without sodium chloride and hydrazine It has been 
found that the theoietical values and those obtained with the hydrazine 
tecluiicpie were in close agreement for eighteen of the tw'enty-four ammo 
acids investigated 

It has been concluded from the evidence presented that ceitain pure 
ammo acids may be analyzed individually and collectively with high accu- 
racy by the hydrazine technique The physical chemistry of the errors 
mtroduced by an extraneous volatile substance as a function of its properties 
and the conditions of the analysis is briefly treated 
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The literature reveals numerous investigations (1) of the elementary 
composition of acid-precipitated casein but no recorded analyses of the 
percentage content of the elements of casein as it e\ists in the casemate- 
phosphate complex in milk 

In this investigation a procedure for the separation of the casein complex 
from the other milk constituents by means of the Sharpies supercentnfuge 
and the ultimate analysis of this complex is given Also, experiments are 
desenbed demonstrating the true chemical character of the calcium phos- 
phate fraction of the complex From the results of this mvestigation, the 
elemental composition of the calcium caseinate fraction and casern was then 
calculated 

Comparison of the results of the elemental composition of the casein 
obtamed by this procedure ivith the values given m the hterature for acid- 
precipitated casern should mdicate whether the caseinate undergoes any 
change m elemental composition by acid precipitation other than substitu- 
tion of hydrogen for calcium 

Preparation of Calcium Casemate-Calcium Phosphate Complex 

The bowl (approximately 300 ml capacity) of the Sharpies super- 
centnfuge w as Imed with a celluloid sheet and spun slowly until filled wath 
distilled water The speed of the bowl w'as then increased to 50,000 
R p M and 5(K) ml of skim milk at 5“ were run slow ly into the bow 1 through 
a fine capillary, the rate of feed being such that about 20 minutes elapsed 
between the beginning and the end of the introduction of the skim nulk 
The skim milk was followed by 300 ml of cold distilled water, with the 
speed of the bowl still at 50,000 rpm The deposited caseinate was 
removed from the celluloid liner and ground sufficiently fine so that, when 
dispersed in 500 ml of distilled water, it lemamed m suspension This 
diluted suspension w as then put through the supercentrifuge m a manner 
similar to that used in centrifuging the skim milk, bj first filling the lined 
bowl ivith distilled watei and finallj by mnning in 300 ml of additional 
water after the introduction of the emulsion The washmg of the complex 
was then repeated in the same manner The twace washed deposit, which 
contained about 65 per cent of moisture, w as allow ed to dry m the air on 
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the celluloid sheet, the temperature being mamtamed at 20° so as to mini 
mize fermentation The dned material ivas then ground to pass a bo 60 
sieve and stored m a securelj stoppered glass bottle to prevent loss or gam 
in moisture Samples for study were removed as desired This matenal 
gave a negative test for lactose and chlorides, mdicatmg freedom from 
serum components Howei er, ether extracted 0 015 per cent of fat, a 
correction was accordmgly applied m the calculations of the results of the 
elementary composition 


Methods of Analysts 

Nitrogen was detenmned by the senumicro-Kjeldahl method, with about 
30 mg of matenal and digestion for 8 hours as recommended by Chibnall, 
Rees, and Williams (2), in a Pamass-Wagner (3) digestion apparatus 
The value reported is the average of six determinations Calcium determi 
nations were made on the ash obtamed bv incmeratmg m a muffle furnace 
and analyzing by the official macro volumetric permanganate method 
((4) p 127) and total phosphorus by the official gravimetric method 
((4) p 21) Inorgamc phosphorus was obtamed from the trichloroacetic 
acid filtrate and determined by the strychmne gravimetric method of 
Embden and Fetter (5) Values of four determinations did not differ by o\ er 

0 003 per cent Orgamc phosphorus w as calculated by determinmg the 
difference between total and morganic phosphorus Moisture was deter- 
mmed by heating m a vacuum oven to constant weight, while the tempera- 
ture was not permitted to rise above 105° Carbon and hydrogen deter- 
minations were made by the procedure outlined by Clark (6), with a 
semimicro combustion furnace described by this author The officia 
sodium peroxide fusion method ((4) p 132) was used for the determmation 
of sulfur 


Results of Analysts 

The results of the ultimate 'analysis of the calcium casemate-calcium 
phosphate complex are shoivn in the first and second Imes of Table I 

Before the elementary composition of the calcium casemate and o c 
casern could be calculated from the analysis of the complex, 
necessary to establish the chemical formula of the calcium p osp 
fraction so that the calcium could be correctly allocated between 
protem and the morgamc phosphate 

Chemical Nature of Inorganic Phosphate Associated untk MiH Casein 

If the value 0 958 per cent obtamed for the morgamc 
calculated as the tribasic phosphate, the complex iviU contain , ^ 
CasPiOs and 95 20 per cent calcium casemate, or if it is ca cu a e 
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dibasic phosphate, the complex will contain 4 21 per cent CaKPOi and 
95 79 per cent calcium caseinate As indicated in the reactions given 
below .addition of neutral potassium oxalate to the complex composed of the 
casemate and the dibasic salt will not appreciably change the pH, while, 
on the other hand, if CajPjOs is present in the complex, the mixture wall 
become more alkaline due to the formation of K3PO4 

(1) CaHPO. + K,C,0, -» CaCjO, + KjHPO, 

(2) Ca,P,0, + 3K CiO. — 3CaC,0. + 2 K,P 04 

Consequently, increase m alkalinity wall only be manifested if the tnbasic 
salt is present m the complex 

The action of neutral oxalate on calcium phosphate has been studied by 
Van Slyke and Bosworth (7) and by Pyne (8) m then- mvestigations of the 
nature of the msoluble morganic phosphate m milk They added the 
oxalate to milk and serum, however, and not to the isolated complex 


Table I 

Per Cent Composition of Calcium Casemate-Calcium Phosphate Complex 



Mots 

ture 


Pbospbonis 

Nitro- 

gen 

Carbon 

Hydro- 

gen 

SuUur 

Oxygen 
by dif 
ference 


Orgaoic 

I&or 

game 

Complex 

10 06 




13 13 

44 76 

5 923 

0 653 


“ dry basis* 


2 982 



■EKi] 

49 78 

6 587 

0 726 


Calcium caseinatef 


1 ISO 



15 34 

52 29 

6 919 

0 762 

22 73 

Casein 





15 51 

52 88 

6 997 

0 771 

23 05 


• Also ether extract free 
t 95 20 per cent of complex 


To determme, by the apphcation of this reaction, which compound, the 
dibasic or tnbasic phosphate, is associated mth the casemate, the follow mg 
expenment was undertaken 

Two 1 gm samples of the complex w'ere transferred to 200 ml glass- 
stoppered bottles To the first were added 50 ml of distilled water and 

2 ml of toluene, and to the second 30 ml of distilled water, 20 ml of 
neutral 4 per cent potassium oxalate, and 2 ml of toluene Each mixture 
was then brought to a pH of 9 08 by adding, in small amounts and with 
occasional shaking, a total of 5 09 ml of 0 05 N sodium hydroxide to the 
first and 0 48 ml of 0 05 n hydrochlonc acid to the second ovei a penod of 

3 days The final pH of 9 08 was obtained onlv after holding the suspen- 
sion for 20 hours following the final addition of the alkali or acid Pre- 
liminary titrations indicated that at a pH of 9 08 the buffer effect was small 
and that any small addition of the standard alkah or acid yielded a distmct 
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change in pH The sum of the alkali and acid added represented 0 2785 
ml of normal solution This value, calculated to represent tncalcium 
phosphate, gave a concentration of 4 81 per cent Ca3P208 in the complex, 
XV Inch IS m good agreement with the value of 4 80 per cent CajPjOs cal- 
culated from the analysis If the salt had been the dibasic phosphate, 
then the addition of neutral oxalate would not have changed the pH 
perceptibly from that of the sample without oxalate We have isolated 
complexes that varied slightly in relative proportion of caseinate and 
phosphate from the values giv^en in this paper Variations that we found 
m percentage content of the tw o fractions of the complex are explamed as 
due to different techniques used m w ashing the complexes, smce difference 
in procedure might alter the relativ e proportions of the tw o components 
These vanations give credence to the assertion by some investigators 
(7, 9, 10) that the calcium phosphate is not bound chemicallj to the 
calcium caseinate fraction 

To obtain further evidence of the character of the morgamc phosphate 
fraction, so that the proper pioportion of the calcium can be assigned to the 
protein fraction, a comparison was made of the pH of a w'ater dispersion of 
the complex with pH values of a senes of dispersions obtained from arti- 
ficially prepared calcium caseinates of known calcium contents The 
calcium casemates were prepared from acid-washed and water-washed 
gram curd casein The gram curd casein w as obtamed from fresh skim 
imlk by precipitation with dilute hydrochloric acid, then w ashed thoroughly 
with acidulated distilled water, followed with distilled water, and was finally 
subjected to a pressure of 200 pounds for 20 hours to remove as much wash 
water as possible without actually drvmg the curd The moist curd was 
then dispersed m distilled water and treated with highly diluted calcium 
hydroxide During the period of reaction of the casein and calcium 
hydroxide, the mixture was agitated violently Throughout, the reaction 
w as kept below pH 8, and finally adjusted to the desired pH by the addition 
of more casein The dispersions were then filtered through cheese-c o 
and the calcium casemate w as freed from the mother liquor by passing e 
dispersions through the supercentnfuge, redispersmg in distilled water, an^ 
recentnfuging The moist casemates were then air-dried, ground to 
No 60 sieve, and analyzed foi calcium and inorganic phosphorus 
results of the analysis are giv en m Table II . _ 

The pH values of 3 per cent water suspensions of these 
caseinates are plotted against their calcium percentages m g 

determmations were made w ith the Beckman glass electrode or 

of comparison that part of the Palmer and Richardson (11) titra lo 
withm similar pH range is included These authors cons rue e 
curve from data obtamed by titrating potentiometncally 1 pm" 
water dispersions with standard calcium hydroxide solution 
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If the inorganic phosphate eMsts as a tnbasic salt, the calcium m excess 
of the requirement of tlus salt would give a caseinate ot only 1 18 per cent 
calcium and, according to the graph, give a pH of 6 40, a value very near to 
that of the milk itself 

Lack of precise agreement between Palmer and Richardson’s curve and 
ours IS undoubtedly due to the marked differences in the methods by which 
the curves were obtained These authors used a highly purified casern. 


Table II 


Analysts on Dry Basis of Calcium Casemate Prepared from Gram Curd Casein 


Experunent No 

pH of 3 per cent 
dupersioa 

Phosphorus 

tDOrganic 

Calcium total 

Calcium, corrected 
for Ca m CoiPiOa 



per cent 

per cent 

per cent 

1 


0 020 

1 074 


2 

6 59 

0 036 

1 362 


3 

6 99 1 

0 081 

1 728 


4 

’ 7 40 

0 088 

1 858 

1 680 



Fiq 1 Relationship between pH and calcium percentage of calcium casemate 
Curve A, 3 per cent calcium caseinate emulsion , Curve B, 1 per cent calcium caseinate 
emulsion, “Palmer and Richardson ” 


followmg, in its prepaiation, the procedure outlined by Van Sljke (12) 
That differences in base-binding capacity of caseins prepared by different 
methods do exist has been pointed out by Cohn and Berggren (13) 

Thus, having established the existence of only CajP.Os, and not CaHP 04 , 
in the complex, we then calculated the ultimate analysis of the calcium 
phosphate fraction and casein from the analytical data of the complex 
The results are incorporated in Table I (third and fourth hues) 

The value of 1 18 per cent calcium is somewhat higher than the values 
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given in the literature Soldner (10) reports 1 07 to 1 11 per cent, Lehmann 
(14) 1 04 per cent, and Ling (15) 1 00 per cent We have isolated samples 
of the complex with a calcium content as low as 1 02 per cent calcium 
after correctmg the total calcium found by the calcium bound to the 
inorganic phosphorus calculated as CasPaOs These variations in calcium 
bound by the protein are evidence of differences in milks Small differences 
could arise also from experimental errors of the methods of analysis, i e , 
errors ivithin the Imuts of accuracy of the methods 

In the literature there is no analysis of the elementary composition of 
casein obtained by our procedure, and that the results check, as a whole, 
surprisingly well -with analyses of casein obtained by acid precipitation is 
interesting evidence that the changes in physical character through the 
action of acid are not accompanied by a pronounced alteration in its per- 
centage elemental composition However, the fact that the percentages 
we found for sulfur and phosphorus are somewhat higher than those ob- 
tamed for casein repeatedly dissolved by alkali and precipitated by acid 
inchcates that such treatment removes a portion of these elements from 
casein 


SUMM^RTl 


A new procedure for obtaimng the elementary composition of casein 
IS described The techmque is to isolate the calcium casemate-calcium 
phosphate complex from milk by means of the supercentnfuge, analyze the 
complex, and from the results calculate the percentage content of the ele- 
ments of the casein Such a procedure avoids separation and alteration 
of the casein by chemical means and, in consequence, prevents loss o 
phosphorus and sulfur Othenvise, the percentage ' omposition of casein 
as determined by this procedure does not differ appreciably from va ues 
given in the literature 

Increase in alkalimty of the complex by the addition of neutral potassium 
oxalate indicates the presence of tncalcium phosphate rather than dica ciura 

phosphate in the complex r p 0 

On this basis the complex was found to contain 4 80 per cent aj ^ « 
and 95 20 per cent calcium caseinate . jg 

The calcium caseinate fi action oi the complex was found to con am 
per cent calcium 

A senes of calcium caseinates was prepared from gram cur 
the percentages of calcium were plotted against the pH of 3 per ce^^^ 
persions prepared from them The curve indicates that ^ 

1 18 per cent calcium content would yield a pH of 6 40, whic is ° 
pH more acid than the pH of the milk from which the complex 
^ole — Since the preparation of this paper, an article y e 
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van Minnen (16) has come to our attention These authors described the 
partial fractionation of the comple\ by means of the Sharpies super- 
centrifuge and found that the inorganic phosphate exists as the tribasic 
calcium phosphate and that the ratio between the casemate and inorganic 
phosphate is not always constant They also found that slightly more 
phosphate is centnfuged out w ith the first fraction than with the following 
fractions 
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THE INHIBITION OF CATALYZED OXIDATIONS BY HEMINS* 


Bt FRIEDA P SIMON, M K HORWITT, and R W GERARD 

(From the Biochemical Research Laboratory, Elgin Stale Hospital, Elgin, and the 
Department of Physiology, University of Chicago, Chicago) 

(Received for publication, April 13, 1944) 

In earlier studies ( 1 ) it as demonstrated that the oxygen uptake of bram 
tissue brei is greatly enhanced by the addition of iron salts, particularly an 
iron complex formed wth the dye o-phenanthrohne (Ci2H8N2), without 
correspondmg liberation of COi A comparison of this effect on breis of 
various other body organa revealed the anomalous behavior of the spleen, 
nhich, itself unaffected, actually mhibits catalysis of bram oxidation by the 
dye The mhibitory agent m spleen was identified first with the red blood 
cell, then with hemoglobm The mechanism of this mhibition is here 
further explored, with fatty acid or a phosphohpid fraction of bram as sub- 
strate These more purified materials were substituted for bram tissue, 
smce the oxidations were shown to mvolve prmcipally the phospholipids 
of bram 


Method 

Throughout these studies the Warburg technique was employed to 
follow oxygen uptake by the substrates, with added catalyst or hemm 
compound or both Lmoleic acid, obtamed from a commercial source, 
w as twice distilled in vacuo, and 0 01 cc was suspended m each vessel m 1 6 
cc of m/15 phosphate buffer at pH 7 3 The phosphohpid was prepared 
from cattle bram m the followmg manner 300 gm of bram were first 
extracted ivith four 300 cc portions of acetone, the acetone was filtered off 
(Buchner funnel), and the residue dried in vacuo This residue was now 
extracted four times with 200 cc portions of hot alcohol-ether (3 1 mixture), 
the sohds were filtered off and discarded, and the alcohol-ether distilled 
in vacuo The phosphohpid residue was dissolved m about 200 cc of ether, 
filtered, and then precipitated from solution wnth 3 volumes of acetone 
The resultant product was qmckly dned with the aid of a vacuum oil pump 
and kept under nitrogen It was homogemzed m phosphate buffer and 
used m 2 to 40 mg quantities, more commonly the latter The catalyst 
here is ferrous-o-phenanthrohne, 6 X 10 ~* M final concentration The 
hemm compounds tested mclude hemoglobm purified accordmg to Welker,* 

* Presented before the Amencan Society of Biological Chemists at Boston (F ed- 
eration Proc , 1, pt 2, 134 (1942)) 

* Welker, W , personal communication See also Hawk and Bergeim (2) 
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catalase prepared from liver after Sumner and Bounce (3), and cytochrome 
c obtamed from heart (Keilm and Hartree (4)) The hemoglobm was 8 to 
16 X 10^ M (initial solution 0 5 to 1 0 per cent), while the cytochrome, 
4 X 10~‘ M (0 7 per cent imtially), contamed a comparable amount of 
hemm Catalase, 3 X 10“= m to 3 X 10“’ m, had at best 0 01 the hemm 
of the other two All evpenments were carried out at 37° m air 



Fig 1 Oxygen uptake of hnoleio acid V, with 0 0062 u ferrous o ptenM 
added. A, with 0 0062 m ferrous o phenanthrohne and 1 per cent hemoglo in a i 
□ , with 1 per cent Hb added, O, HjO control 


Results 

The essential fatty acid, Imoleic (CnHsiCOOH), autoxiiz^ at a slo^^i 
though measurable rate, after an induction period of roughly ^ 

The iron-dye catalyst, m 6 X 10'’ m concentration, mercies ^^3 

10-fold, 1 per cent hemoglobm halves this acceleration but i ,, 

the “basal” oxidation 4-fold These results are though 

Fig 1 Hemoglobm catalysis of unsaturated fatty acid OH a . 

much studied, is mcompletely understood Haurowitz e “ ^ ^jhat 

that the reaction proceeds through an intermediate f ,,ouId 

hemoglobm is destroyed m the process Assummg tha 
attek the orgamc peroMde mvolved here, t.hieh it ».£« 
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added to the system in an attempt to keep the reaction from gomg to the 
right No such action Mas demonstrable, but it M'as mcidentally noted 
that catalase, a hemm, up to 3 X 10"'' m has no catalytic action The third 
hemm compound tested, cytochrome c, increases Imoleic oxidation approxi- 



mately 50 per cent as much as does the equivalent amount of hemm as 

hemoglobm , 

Cyamde does not inhibit hemm catalysis of oleic acid oxidation (Kuhn 
and Meyer (6)), nor hemoglobm catalysis of Imoleic acid oxidation (Robm- 
son (7)), but it does dimmish the effect of ferrous-o-phenanthrolme on 
oxygen uptake of bram brei (1) If cyamde vrould mhibit the iron ye 
catalysis of fatty acid oxidation, then, barrmg direct combmation betMeen 
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the to\ic agent and the dye compie\, hemoglobm (or hemin) and non- 
phenanthrohne might be actmg by two different routes, one sensitive, the 
other insensitive to cyanide Careful experiments revealed only temporary 
inhibition and suggest that hemoglobm and the dye may be competmg in 
the same way for the substrate, hemoglobm, by virtue of its lower catalytic 
rate, may thus reduce the net catalytic effect 
Hemoglobm did not mcrease the oxygen usage of bram brei m the early 
expenments Bram tissue is high m phosphohpid content (about 5 per 
cent, see Bloor (8)), but the suspension used was qmte dilute, and perhaps 
for this reason did not respond Hemoglobm catalysis similarly is not seen 


UPTAKE 



Fia 3 Effect of cytochrome c on oxygen uptake of linoleio acid with cytochrome, 
v', without cytochrome, A, phosphohpid with cytochrome, □, without cytochrome, 
O Cytochrome concentration 0 7 per cent, approximately equivalent to 1 per cen 
Hb in hemin content 


wuth small amounts of a more purified phosphohpid preparation Wit 
per cent hemoglobm and mcreasmg amounts of phosphohpid, catalysis is 
evident, a 7-fold mcrease m oxygen uptake results when 1 per cent hemo 
globm IS added to 40 mg of phosphohpid (Fig 2) The iron-dye effec ^ 
dramatic 700-fold mcrease, and this is somew hat depressed by the e 
compound From Fig 3 it is readily apparent that cytochrome c, 
elevates hnoleie oxj'gen uptake to 2 5 times the control value, has no e 
on phosphohpid 


SUMMARY 

Hemoglobm mcreases the oxidation of essential fatty acid and ^ 
phohpid, and would probably do the same for a sufficiently concen 
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brain suspension Cytochrome c is effective only ^vlth Imoleic acid as sub- 
strate, and then but half as effective as hemoglobm Catalase vas non- 
catalj tic in the quantities utilized, perhaps because the hemm concentration 
i\as too low Ferrous-o-phenanthiolme markedly enhances oxidation of 
all substrates used, and hemoglobm depresses these accelerations Phos- 
pholipids have been designated as a source of intracellular reserve energy 
for bull spermatozoa (Lardy and Phillips (9)) If they serve a similar 
purpose m brain ind other tissues (and Gerard and Tupikova (10) have 
shown they are oxidized away in nerve), then hemins, while actmg as mild 
cataljsts for denvmg energy fiom these reserves, might at the same time 
preserve them from too lapid destruction by more active catalysts The 
cyanide data presented mdicate an identity of mechanism for hemoglobm 
and ferrous-phenanthrolme action If hemoglobm adsorbed on the sub- 
strate partially displaces the more active catalyst, the total catalytic rate 
would be less with both than wnth only the more active catalyst present 
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THE CONFIGURATION OF VALYLV ALINE IN GRAMICIDIN 
By HALVOR N CHRISTENSEN 

{From the Department of Biological Chemistry, Harvard Medical School, Boston) 
(Received for publication, Apnl 3, 1944) 

One of the curious problems posed by the polypeptides produced by 
Bacillus brevis is the presence of both d- and 1-valme (1-3) m gramicidin 
hydrolysates Does an enzyme of this organism fail to differentiate be- 
tween the two optical antipodes? Or is d(— )-vahne mcorporated specifi- 
cally mto one position m gramicidm and i(-l-)-vahne mto a different one, 
just as d(-|-)-leucme is mcorporated mto gramicidm (4, 5) and Z(— )-leucme 
mto tyrocidme (6) by this organism'* The separation of the dipeptide 
valylvahne (7) from gramicidm hydrolysates presents an opportunity to 
answer this question If one assumes that each of the two positions of 
valme m the valylvalme molecule represents a smgle specific position m 
the gramicidm molecule, then determmation of the configuration of the 
valylvalme should show' whether or not Bacillus brevis, m elaboratmg 
gramicidm, differentiates between the two enantiomorphic vahnes 

There are possible four isomeric valylvalmes and two racemic modifica- 
tions,^ namely, 

(1) )-valine 

U(-f)-Valyl-i(-f )-vaIine (Abderhalden and Vlassopoulos (8)) 

(21 )-Valyl-i(4-)-valine (Fischer and Scheibler (9)) 

\Z(-)-)-Valyl d(— )-vaIine 

The preparation isolated from gramicidm might be any one of the four 
isomers (provided that its optical rotation is small), or either racemic form, 
or any other mixture of the isomers In this mvestigation, comparison 
with synthetic valylvalme derivatives showed that the isolated dipeptide 
was the optically mactive dl mixture, d(— )-valyl-d(— )-valme -t- ((-{-)- 
valyl-((-)-)-vahne Evidence was obtamed mdicatmg that appreciable 
quantities of the other two isomers were not present m the hydrol 3 'sates 

First the four isomeric benzoylvalylvalmes, and also their ethyl esters, 
were synthesized Appreciable optical activity was shown by the benzoyl- 
valylvalmes as sodium salts, therefore, the product separated from grami- 
cidm could not be any smgle isomer, smee it showed httle if any optical 
activity (7) Equal quantities of enantiomorphic pans of the benzoylvalyl- 
valmes, and also of their ethyl esters, w'ere crystallized together to obtam 

* In this paper, the term racemic modification is used interchangeably with the 
term optically inactive dl mixture No implication of interaction betw een the mem- 
bers of the enantiomorphic pairs is intended 
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the optically inactive dl mixtures The two optically mactive dl mixtures 
of benzoylvalylvalmes failed to melt sharply, whereas the tvyo racemic 
esters showed no significant depression of meltmg pomts when mixed 
Hence the product isolated from gramicidm could not be identified by com- 
parison with these preparations 

The imtial faUuie to demonstrate the identity of the crystals isolated 
from gramicidm mth any of the synthetic benzoylvalylvalmes led to a 
reinvestigation of the former In addition to yieldmg after acid hydrolysis 
a major part of its nitrogen as dZ-valme derivatives, half of the nitrogen 
was represented by Z(-l-)-valme, as shmvn by assay with Laclobaallus 
arabinosus (10) Thus the earlier conclusion as to the composition of the 
product isolated was strengthened 

Because valylvalme appears to be unusually stable to acid hydrolysiSi 
a test was made to see u hether the partial hydrolysis of benzoylvalylvaline 
yielded any valylvalme A degree of acid hydrolysis releasmg 17 per cent 
of the nitrogen of benzoyl-i(+)-valyl-Z(-|-)-valme as ammo mtrogen did not 


yield detectable amounts of the dipeptide 
In the selection of other derivatives by which differentmtion of the two 
racemic forms might be accomplished, the following v> as considered When 
two ammo acids of like configuration are m contiguity m a peptide cbam, 
the side chains are held to project from opposite sides of the peptide chain, 
whereas when a d-ammo acid occurs next to an Z-ammo acid, the side chains 
are close together Except m the case of 2- and 3-carbon ammo acids, th^ 
side chams occupy a large portion of the available space (11) 
probable that attachment of a large group at the carboxyl end by the ester 
link would exaggerate the steric congestion of racemic modification ( 
compared with modification (1), and that this would be reflected by a large 
difference m meltmg pomt Thus the ethyl ester of benzoyl-d("')^^y 
Z(4-)-valme melted at a temperature 7° lower than that of benzoyl ( 
valyl-(Z( — )-valme An attempt to prepare the p-mtrobenzyl ester o race 
nuc form (2) resulted m the separation of an oil The 
esters, however, uere prepared with practically quantitative yie ’ 
their meltmg pomts showed a separation permittmg sharp \ 

between the two forms The ester of the mactive mixture, benzoy 
valyl-cZ( — )-vatme -f- benzoyl-Z(-i-)-valyl-Z(-i-)'Valine melted a 
whereas the ester of the other racemic modification melted at 
Four preparations of benzoylvalylvalme from gramicidm were s 
isolated after different periods of hydrolysis and by procedures esi 
avoid or detect any loss of valylvalme isomers These 
converted to p-phenylphenacyl esters All melted sharply at 
no depression of meltmg pomt when mixed with the ester o j2) 

(1) but exhibited strong depression when mixed with the es er o 
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Hence the isolated preparations all consisted of the optically inactive dl 
mLxture, benzoyl-d(— )-valyl-d(— )-valme and benzoyl-l(+)-valyl-l(+)- 
valine 

Vdmixture of 5 per cent of the ester of form (2) with the ester of form 
(1) caused appreciable depression of the meltmg temperature When equal 
quantities of the four isomeric benzoylvalylvalmes w ere mixed and earned 
through the isolation and esterification procedure together, a product was 
obtamed which melted gradually from 140-180° These results mdicate 
that fractionation durmg isolation probably does not account for the 
failure to recover benzoyl-d(— )-valyl-Z(+)-valme and benzoyl-Z(+)- 
valyl-d(— )-valme The same conclusion may be drawn from the fact 
that substantially all of the peptide nitrogen appearmg m the fraction 
which formed water-soluble copper salts was isolated as valylvahne when 
the period of hydrolysis of the gramicidm was 13 hours 

Studies of the comparative rates of release of ammo nitrogen and of the 
various ammo acids of gramicidm have been made m collaboration with 
Hegsted, with microbiological assay methods for the ammo acids These 
results ivill be published subsequently They show an extremely rapid 
release of Z(-l-)-valme durmg the first few mmutes of hydrolysis of 
gramicidm, followed by a very slow release After 2 hours and after 6 
hours, the fractions of vahne that were unavailable to the test organism 
closely approximated the amounts that have been isolated as valylvahne 
Thus it appeared that durmg the first few mmutes of hydrolysis the reoc- 
curred a rapid release of vahne and of valylvahne, and that subsequently 
valme arose largely from the slow cleavage of valylvalme The corre- 
spondence of the amounts of unreleased valme found bj' bioassay ivith the 
amounts of valylvalme isolated demonstrated that the isolation of the 
dipeptide was nearly quantitative and that no considerable quantities of 
d(— )-valyl-Z(-h)-vahne or Z(-b)-valyl-d(— )-vahne could be present 

EXPERIMENTAL 

Isolation of Valylvahne from Gramicidin — 194 mg of gramicidm were 
hydrolyzed by hydrochloric acid (7) for 13 hours At this pomt, the 
“peptide nitrogen” (the mcrease which could be produced m ammo nitro- 
gen by 12 hours of additional hydrolysis m a sealed tube at 130°) was 3 0 
per cent of the gramicidm nitrogen taken The solution was boded for an 
additional 15 mmutes under aeration m the presence of 0 1 ml of benzalde- 
hyde to render mdole-contammg compounds insoluble Chloride was 
removed with silver oxide and the copper salts w ere prepared as previously 
described and extracted w ith tw o 3 ml portions of w ater The extract was 
dried and extracted wnth thiee 3 ml portions of absolute ethanol The 
alcoholic extract was dried and dissolved m water, and copper was removed 
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•With hydrogen sulfide The solution contained 0 96 mg of ammo mtrogen 
and 0 49 mg of peptide nitrogen After the solution was evaporated to 
dryness, the solutes were dissolved m 0 2 ml of absolute ethanol and 0 2 ml 
of acetone was added After 2 days, the mother liquor was removed from 
the crystals of crude valme, evaporated to dryness, the residue redissolved 
m ethanol, and agam precipitated by acetone Finally, by gradual addi- 
tion of 5 parts of diethyl ether, valylvahne was crystallized as needles con- 
tammg 6 5 per cent ammo nitrogen (calculated for valylvahne, 6 48 per 
cent) The yield was 9 mg , thus mcludmg most of the peptide mtrogen 
The identification was made by benzoylation as described below 

Preparations of Bemoylvalylvaltne from Gramicidin Preparation G345— 
Mother liquors from two preparations of benzoylvalylvalme studied pre- 
viously were concentrated in vacuo and an additional small crop obtained, 
meltmg at 216-218° “ 

Preparation GJitd — 200 mg of gramicidm were hydrolyzed by acid as 
usual for 6 hours This hydrolysis converted 67 per cent of the total 
mtrogen to ammo mtrogen and left 13 per cent of the mtrogen as “peptide 
mtrogen ” The substances formmg copper salts insoluble m 30 ml of 
water were discarded The resultant solution, which contamed all of the 
peptide mtrogen, was treated with benzoyl chloride at a volume of 2 ml , 
an excess of sodium bicarbonate bemg used to mamtam alkahmty during 
benzoylation The solution was acidified and, after 2 weeks, the precipi- 
tate was removed and crystalhzed twice from acetone Recovery from the 
second crystalhzation was nearly quantitative The yield of valylvalme 
represented 4 5 per cent of the nitrogen of the gramicidm used The prepa- 
raton melted at 216° These modifications m the isolation method were 
made to secure the maximum yield and to reduce the possibihty of frac- 
tionation of isomers 

Preparation G496 was obtamed from a 2 hour hydrolysate of 100 mg o 
gramicidm Durmg the last 10 mmutes of hydrolysis, tryptophan^ 
contammg compounds were destroyed by aeratmg m the presence of benz 
dehyde The water-soluble, ethanol-soluble, copper salts were separate 
as described above This fraction contamed as ammo nitrogen 11 6 per 
cent of the nitrogen of the gramicidm taken and 8 69 per cent as pep i ® 
mtrogen The benzoyl derivative was prepared and separated as usu 
The yield represented 4 8 per cent of the mtrogen of the gramicidm ta en 

Preparation G490 was obtamed by benzoylatmg the valylvahne iso a e 
above It melted at 218° f 

Determination of aline in These Fractions ^Weighed po m 

• All preparations described were dried tn vacuo at 100° over PiOs with the 
tion of the acid chlorides which were dried at 55° The melting points recor 
been corrected for the emergent thermometer stem 
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Preparations G475 and G345 were subjected to hydrolysis in acetic acid- 
hydrochloric acid solution (1 volume of acetic acid plus 2 volumes of 6 n 
hydrochloric acid) at 100° and 110° in sealed tubes for varymg periods of 
tmie The hydrolysates were taken to dryness, washed with benzene, 
and taken up m nater Upon aliquots of the resultant solution ammo 
nitrogen was determmed by the Van Slyke technique and l(+)-vahneby 
the method of Hegsted (10) mth Laclobactllus arahinosus ^ Table I shows 
that, wnthm the error of the biological assay, half of the ammo mtrogen 
was present m the form of Z(+)-valme 
Benzoylrd(—)-valyl Chloride and Benzoyl-l{-\-)-valyl Chloride — Benzoyl- 
ti(— )-vahne and benzoyl-Z(+)-valme were prepared as described for ben- 
zoyl-dZ-valme by Slimmer (12) from d( — )-vahne and Z(+)-valme,‘ 
respectively, and benzoyl chloride The preparations melted at 127° (13) 
They were converted to the acid chlorides as follows 300 mg of benzoyl- 
valme were dissolved m 2 ml of freshly distiUed acetyl chloride At 0°, 


Table I 

Z(+)-TaZine Released by Hydrolysis of Benzoylvalyhaltne Preparations from 

Gramicidin 


Preparation No 

Hydrolysis* 

Ammo N 

;(+) Vahae 

G345 

18 hrs at 100° 

mg oloms per 1 

2 98 

mit per 1 

1 5 

G475 

22 “ 

“ 100° 

2 40 

1 3 

G475 

42 “ 

“ 110° 

2 01 

1 1 


* Hydrolysis was by a solution of 1 volume of acetic acid and 2 volumes of 6 N 
hydrochloric acid 


315 mg of phosphorus pentachloride were added and the mixture was 
shaken for 5 mmutes at 0°, then for 30 mmutes at room temperature 8 ml 
of anhydrous petroleum ether were added and the solution was left at 0° 
to complete the crystalhzation The needles were centrifuged down and 
washed three tunes wnth petroleum ether Both preparations melted 
gradually from 95-105° Titration with standard sodium hydroxide solu- 
tion mdicated 2 equivalents of acid m 242 and 243 gm respectively Ben- 
zoylvalyl chlonde should require 239 6 gm 
Benzoylvalylvaline Ethyl Esters — ^The ethyl esters of d(— )- and l(+)- 
valme were prepared as ethereal solutions, as described for leucme by 

* The biological assays of Z(4-)-vaIine were made by Dr D M Hegsted 
^ The d( — )-valine was generously supplied by Dr William C Rose of the Uni- 
versity of Illinois, and the Z(-l-)-valine bj Dr Edwin J Cohn and Dr John Ferry of 
the Department of Physical Chemistry, Harvard Medical School Determmation of 
specific rotations confirmed the purity of the two isomers 
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Fischer (14), and the solutions were dried over calcium oxide Nitrogen 
analyses on the ethereal solutions mdicated yields of about 80 per cent 

154 mg (0 65 mw) of benzoyl-d(— )-valyI chloride were added to a 
solution of an equivalent amount of d(— )-valme ethyl ester and 1 niM of 
anhydrous pyridme in 20 ml of ether, and dissolved by shaking a feiv 
seconds In the course of 16 hours at room temperature, the solution be 
came filled ^vlth long needles of benzoylvalylvahne ethyl ester Without 
removal of the needles the solution was washed three tunes ivith 5 ml por- 
tions of dilute hydrochloric acid and four times uith 5 ml portions of 5 per 
cent sodium bicarbonate and twice with water to remove pyndimum 
chloride, valme ethyl ester, and benzoylvalme The sohd phase disap- 
peared durmg the washmg The solution was finally taken to complete 
dryness tn vacuo The white product w as crystaUized from boilmg hgroin 
as fine needles with a yield of 70 per cent After two or three crystalliza- 
tions from 50 per cent ethanol, the compound melted at 166“ 

CijHjaOjNj Calculated N 8 04, mol wt 348 2 

Found ‘‘7 97, neutralization equivalent (by sapomfication) 352 

In the same w'ay, benzoyl-d(— )-valyl chloride was allowed to react with 
2(+)-valme ethyl ester, and benzoyW(-f-)-valyl chloride m separate expen 
ments with d( — )- and i(-4-)-valme ethyl esters The composition of the 
products was checked by nitrogen analyses and determination of neu- 
tralization equivalents The meltmg pomts w ere as follows benzoyl-d(-)* 
valyl-f(+)-vahne ethyl ester 159°, benzoyl-Z(-l-)-valyl-d(— )-valine ethyl 
ester 160“, benzoyl-Z(-l-)-valyl-Z(-f-)-valme ethyl ester 166° All I'ere 
slender diamond-shaped plates The yields were between 65 and 70 
per cent 

Crystallization together of equal amounts of benzoyl-d(— )-valyl-d(") 
vahne ethyl estei and benzoyl-l(-f-)-valyl-K+)-vahne ethyl ester from 5 
per cent alcohol yielded crystals meltmg at 153“ Similarly, the 
obtamed by crystaUizmg together the other two esters melted at 1 
No appreciable depiession of meltmg pomt resulted when these racemic 
modifications were mixed , 

Benzoylvalylvahnes By Sapomfication of Estei s — To 110 mg of benzoj ^ 
valylvahne ethyl ester were added 1 5 ml of 0 25 N alcohohc sodium if 

droxide and 1 ml of 95 per cent alcohol The solution resultmg was e^ 
at room temperature oxernight, then concentrated tn vacuo to a ou 
ml , and 0 3 ml of 2 n hydrochloric acid added The solution 
rated in vacuo neaity to dryness, and the precipitate rubbed up wt 
of water, then w ashed twice more with water The precipitate was 
and crystallized three times from dry methyl acetate Large 
prisms were formed from all four esters These were somew a 
scopic, moderately soluble m acetone and ethyl acetate, very so u 
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alcohol and m aqueous alcohol, and insoluble m petroleum ether and m 
water The j lelds from the saponification were about 50 per cent The 
reason for this incomplete recoiery was not mvestigated, smce the pro- 
cedure described below was found more satisfactory for preparmg the 
benzoyU alyh ahnes 

Bij Action of Benzoyhalyl Chloride on Valine in Alkaline Solution — 100 
mg of benzoj’lvalyl chloride were added to the equivalent quantity, 59 
mg , of valme m 1 0 ml of molar sodium carbonate solution, the mixture 
bemg cooled m tap water and agitated until the solids dissolved The 
solution was acidified ivith hydrochlonc acid and, after standmg overnight, 
the precipitate was removed, washed ivith water, dned, and recrystallized 
three times from methyl acetate The yields were between 58 and 65 
per cent of the theoretical The products so obtamed were shown to be 


Table II 

Anatyua and Properties of Bemoylvalyhaltnes 


Compound 

U p 

N content 

NeuLralua i 
tion 

eqmvalenlt ' 

as sodium 
salts 

Benzoyl-<l(— )-vaIyl-<I(— )-vaIme 

c 

193-195 

fcr cent 

8 7 

322 

deirees 

4-21 

Benzoyl-1 (-1- )-vaIyl-i (4- )-vnhne 

193-195 

8 8 

325 

-23 

BenzoyW (— )-vaIyl-l (-f )-valine 

192-194 

8 8 

320 


Benzoyl-l(-t-)-vaIyl-<i(— )-vahne 

192-194 

8 7 

323 



* Calculated N content, 8 75 per cent 
t Calculated, 320 2 


identical wuth those prepared above by meltmg pomt deteimmations 
Analyses, specific rotations, and meltmg pomts are shoivn m Table II 

Optically Inactive dl Mixtures — 5 mg of benzoyl-d(— )-valyl-d(— )- 
valme and 5 mg of benzoyl-l(-b)-valyTf(-l-)-valme were mixed and re- 
crystalhzed three tunes from acetone In the same way the other pair of 
isomers was mixed and crystalhzed together The products obtamed did 
not show satisfactory meltmg pomt behavior, softenmg at 195° and meltmg 
gradually to become clear at 210-215° Some crystals were observed 
to melt at the lower, others at the lugher temperatures, suggestmg crystal- 
lization m at least two forms Slow crystalhzation over a 2 week period 
yielded similar results 

p-Niirobenzyl Esters — 5 9 mg each of benzoyl-d(— )-valyl-Z(+ )-valme 
and benzoyl-Z(-|-)-valyl-d-(— )-vahne were mixed and treated as their 
sodium salts m 63 per cent alcohol wuth 7 8 mg of p-mtrobenzyl bromide, 
as described by Reid (15) Several attempts to crystallize the product w ere 
unsuccessful, yieldmg only a colorless oil 
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Phenylphenacyl Esters (16 ) — Commercial p-phenylphenacyl bromide nas 
purified by decolorization -with charcoal m alcohol solution and by crystal- 
lization from alcohol 4 9 mg each of benzoyl-d(— )-valyl-Z(4-)-valine 
and its optical enantiomorph were dissolved m 0 2 ml of ethanol 0 03 
milhequivalent of sodium hydroxide m 0 1 ml of water was then added, 
followed by 8 mg of Ti-phenylphenacyl bromide The solution vas held 
at its boilmg pomt for 60 mmutes The product began to crystallize 
durmg this period After coohng for a few hours, the crystals were re- 
moved, washed with water, and then extracted three tunes with 3 ml 
quantities of warm petroleum ether to remove residual phenylphenacyl 
bromide The residue was crystallized twice from 0 2 ml portions of 
absolute ethanol 


CjiHi 40 sNi Calculated, N 5 44, found, 5 4, needles melting at Ul-llZ" 

In the same way, equal parts of benzoyl-d(— )-valyl-d(— )-valme and its 
enantiomorph were mixed and converted to the racemic p-phenylphenacyl 
ester This formed needles meltmg sharply at 201° A mixture of the 
two racemic forms melted gradually between 120-140° In both cases, 
the yields were about 90 per cent Both racemic forms were msoluble in 
cold ethanol 

3 mg portions of the four preparations of benzoylvalylvalme derived 
from gramicidin hydrolysates described above were converted to phenyl- 
phenacyl esters m the manner described All four melted sharply at 201 
and showed no depression when mixed wuth the latter of the above esters, 
but strong depression resulted m admixture with the former racemic modi- 
fication 

2 0 mg of each of the four synthetic benzoylvalylvalmes were dissolve 
together m 4 ml of 0 1 N sodium hydroxide The solution was acidifie 
and the precipitate w as crystalhzed twnce from acetone, and converted ™ ® 
phenylphenacyl ester, which was crystalhzed twice from ethanol I n 
product melted gradually from 120-175°, reveahng no extensive chang^ 
m the composition of the mixture of isomers under the conditions employe 
m preparmg the derivative of valylvahne from gramicidm 

Is Valylvahne Formed by Acid Hydrolysis of Benzoyhialylvaltnef 5 mg 
of benzoyl-Z(-i-)-valyl-i(-)-)-valme were hydrolyzed m a 
ml of acetic acid and 0 4 ml of 6 n hydrochloric acid at 100 for 3 
utes The solution was evaporated to dryness, and the residue disso ve^^ 

0 75 ml of water and extracted with ether to remove benzoyl deriva i ^ 
The ether extracted 0 40 mg of nitrogen, the aqueous solution con a 
0 085 mg of mtrogen, all m the form of ammo mtrogen Thus, no 
nificant amount of valylvalme had resulted 
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DISCUSSION 

The finding that gramicidm hydrolysates contain similar quantities of 
d-valyl-d-valuie and alyl-f-valme and httle if any d-valyl-f-vahne or 
f;valyl-d-valine demonstrates that neither racemic valme nor racemic 
valylvalme has arisen by racemization durmg hydrolysis and isolation 
Tivo alternatives should be considered two valylvalme fragments may 
occur at different pomts m the gramidicm molecule, d-valyl-d-valme at 
one pomt and 1-valyl-Z-valme at another, or these two fragments may occur 
at the same pomt m different gramicidm molecules The difficulty m- 
volved m the first alternative is that the two valylvalmes must both be m 
special environments permittmg their release at similar and rapid rates 
The second alternative requires that there be two isomeric gramicidm mole- 
cules differmg as to which enantiomorphic valylvalme they contam 
Whether or not Bacillus brevis contains an enzyme which fails to differen- 
tiate between d-valme and J-valme m ]ommg valme to a dissimilar ammo 
acid m gramicidm cannot yet be answered The organism does, however, 
appear to ]om together only valmes of like configuration This arrange- 
ment of valme residues is the one which results m less crowdmg of side 
chains, smce it places the two side chains on opposite sides of the peptide 
cham It IS also evident that less crowdmg of side chams will result from 
msertmg two d-ammo acid residues successively among 1-amino acid resi- 
dues m a peptide cham than will result from msertmg them at isolated 
pomts 

SUMMARY 

Valylvalme separated as the free dipeptide and as the benzoyl derivative 
under various conditions from gramicidm hydrolysates has been found to 
be the pure optically mactive dl form, d( — )-valyl-d(— )-valme and f(-b)- 
valyl-Z(-l-)-valme, by showmg the phenylphenacyl ester of the benzoyl 
derivative to be identical with the synthetic racemic form The findmgs 
mdicate that no substantial quantities of the other two possible isomers w ere 
present m the hydrolysates Hence optically mactive valylvalme could 
not have arisen by racemization durmg hydrolysis or isolation These con- 
clusions suggest that Bacillus brevis joins together m gramicidm only 
valmes of like configuration 
Several derivatives of valme have been described 

BIBLIOGRAPHY 

1 Dubos, R J , and Hotchkiss, R D , Tr and Studies Coll Physn Philadelphia, 

10, 11 (1942) 

2 Hotchkiss, R D ,J Bad , 45, 64 (1943) 

3 Gordon, A H, Martin, A J P, and Synge, R L M,Biochem J ,37,86 (1943) 



436 


VAIiYLVALINE IN GRAMICIDIN 


4 Christensen, H N , Edwards, R R , and Pierama, HD,/ Btol Chem , 141, 

187 (1941) 

5 Hotchkiss, R D , / Biol Chem , 141, 171 (1941) 

6 Gordon, A H , Martin, A J P , and Synge, R L M , Biochem J , 37, 313 (1943) 

7 Christensen, H N , / Biol Chem , 161, 319 (1943) 

8 Abderhalden, E , and Vlassopouloa, V , Fermentforschung, 10, 365 (1929) 

9 Fischer, E , and Scheibler, H , Ann Chem , 363, 136 (1908) 

10 Hegsted, DM,/ Biol Chem , 162, 193 (1944) 

11 Neurath, H , / Phya Chem , 44, 296 (1940), / Am Chem Soc , 66, 2039 (1943) 

12 Slimmer, M D , Ber chem Oes , 36, 400 (1902) 

13 Karrer, P , and Veer, F C , Helv chim acia, 16, 746 (1932) 

14 Fischer, E , Ber chem Gee , 34, 433 (1901) 

15 Reid, EE,/ Am Chem Soc , 39, 124 (1917) 

16 Drake, N L , and Bromtsky, J , / Am Chem Soc , 62, 3715 (1930) 



J{ C MILUCAN AND J B BKOWN 


439 


Products Rehiung Company, Argo, Illinois Lard and beef talloiv i\ere 
obtained from Professor L E Kunlcle of the Department of Ammal 
Husbandry, the tallow being principally kidney fat The chicken fat was 
obtained for us from white Leghorn hens by Professor E L Dakan of 
the Department of Poultry Husbandry The Cis fraction of human fat 
w as supplied by Cramer in connection w ith an investigation he w as carrying 
out on that fat (16) Pork liver lipids were supplied by Dr David Klein 
of The Wilson Laboratories, and adrenal phosphatides by Dr Oliver Kamm 
of Parke, Davis and Company The methyl esters of the adrenal phos- 
phatides were by-products in the preparation of arachidomc acidbyMowry, 
Erode, and Brown (17) 


Table I 


Analytical Data of Cu Eaters of Various Fata and Oils 


Source I 

j 

Mol 

Esters 

Wt 

Auds j 

I No of esters 

1 

Lard | 

296 5 

281 5 

88 5 

Beef tallow 

294 1 

280 1 

58 0 

Adrenal phoaphatidea 

297 6 

283 5 

103 5 

Pork liver lipida 

294 3 

280 3 

83 3 

Chicken fat 

297 4 

283 4 

102 4 

Human fat 

296 7 

282 7 

87 9 

Linaeed oil j 

294 6 

280 5 

197 5 

Peanut “ 

292 8 

278 8 

118 9 

Soy bean oil 

293 6 

279 6 

116 0 

Cottonseed oil 

292 3 

278 3 

143 4 


Descrfption of Procedure and Results 

Oleic acid was prepared from each of the preceding fats and oils by the 
following general procedure 

Preparation of Methyl Esters — ^The methyl esters were prepared by the 
usual method of direct alcoholysis They were distilled before bemg 
subjected to more careful fractionation 

Fractional Distillation — The methyl esters were distilled very carefully 
through an electrically heated column packed with glass hehces (25 mm m 
diameter and 90 cm long) In the usual practice in this laborator\ it has 
been possible to separate imxtures of methyl esters into mam fractions 
containmg almost entirely (more than 95 per cent) smgle carbon senes 
Table I describes the Cis esters of the several fats and oils under in\ esti- 
gation 

The molecular weights m Table I support the conclusion that the fractions 
m question are essentially Cis esters 

Isolation of Methyl Oleate— The crystallization procedure was applied to 
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The isolation of oleic acid has been greatly simplified by the method of 
low temperature crystallization, first used as a major procedure by Broivn 
and Shmowai a (3) The method has been modified and improved by Smith 
(5), Hartsuch (15), Wheeler and Riemenschneider (6), and, m this labora 
tory, by Foreman (7) 

The essential details of Foreman’s method include careful fractionation 
of the methyl esters of olive oil through an electiically heated and packed 
column, which results in a product containing only Cu asters, removal of 
methyl hnoleate by several crystallizations from acetone or methyl alcohol 
at —60°, and removal of methyl stearate bj^ cooling this product to -25° to 
— 30° m methyl alcohol solution The resultant methyl oleate upon saponi 
fication and one or two further crystallizations of the acid gave oleic acid 
which was 99 8 per cent pure 

In the present report w e have attempted the isolation of oleic acid from 
several animal and seed fats and oils The procedure employed nas 
essentially that used by Foreman with such modifications as seemed 
necessary to adapt the method to the component Cis esters of the individual 
fat under investigation One of our objectn es w as to demonstrate that 
the resultant product was identical with or different from the oleic acid 
derived fiom olive oil, which we have taken as a standard of purity 
When a pi oduct of diflferent properties has been obtained through this use 
of a simple physical procedure, it was the natural conclusion that the 
octadecenoic acid of the fat in question w as m fact a mixture of octadecenoio 
acids For example, it is generally accepted that the Cis acids of lard iin 
of olive oil are stearic, oleic, and hnoleic acids, the previous claun o t J 
presence of vacoenic acid in lard being usually ignored Crystalhzation o 
these acids, or their esters, should yield the same oleic acid in either c^e 
However, as will be show n later, the oleic acid resulting from lard, " ® 
essentially pure as evaluated from the iodine numoer, melts coMi era ^ 
lower than the oleic acid from olive oil and gives upon non-disnip 
oxidation a dihydroxystearic acid (or acids) which appears to be a mix 
This does not necessarily confirm the presence of vaccemc acid in ar , 
it does support the likelihood tliat other octadecenoic acids than o eic 
exist m this fat , 

As w'dl be seen from the results which follow^, the oleic acid 
from several ammal fats, with the exception of chicken fat, 
mixtures The preparations from olive, peanut, corn, 
linseed oils appear to be oleic acid, while, again, those from rape- 
soy bean oils show evidence of bemg mixtures 

experimental Jj ed on 

Several of the seed oils used in this work were specimens 
the market Corn oil was furnished through the courtesy 
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Products Rehiung Company, Argo, Illinois Lard and beef talloiv i\ere 
obtained from Professor L E Kunlcle of the Department of Ammal 
Husbandry, the tallow being principally kidney fat The chicken fat was 
obtained for us from white Leghorn hens by Professor E L Dakan of 
the Department of Poultry Husbandry The Cis fraction of human fat 
w as supplied by Cramer m connection w ith an investigation he w as carrying 
out on that fat (16) Pork liver hpids were supplied by Dr David Klein 
of The Wilson Laboratories, and adrenal phosphatides by Dr Oliver Kamm 
of Parke, Davis and Company The methyl esters of the adrenal phos- 
phatides were by-products in the preparation of arachidonic acidbyMowry, 
Erode, and Brown (17) 


Table I 

Analytical Data of Cu Eaters of Various Fata and Oils 


Source I 

j 

Mol 

Esters 

Wt 

Auds j 

I No of esters 

1 

Lard | 

295 5 

281 5 

88 5 

Beef tallow 

294 1 

280 1 

58 0 

Adrenal phoaphatidea 

297 6 

283 5 

103 5 

Pork liver lipids 

294 3 

280 3 

83 3 

Chicken fat 

297 4 

283 4 

102 4 

Human fat 

296 7 

282 7 

87 9 

Linseed oil j 

294 5 

280 5 

197 5 

Peanut “ 

292 8 

278 8 

118 9 

Soy bean oil 

293 6 

279 6 

116 0 

Cottonseed oil 

292 3 

278 3 

143 4 


Descrtjtlion of Procedure and Results 

Oleic acid was prepared from each of the preceding fats and oils by the 
following general procedure 

Preparation of Methyl Eaters — The methyl esters were prepared by the 
usual method of direct alcoholysis They were distilled before bemg 
subjected to more careful fractionation 

Fractional Distillation—The methyl esters were distilled very carefully 
through an electrically heated column packed wnth glass hehces (25 mm m 
diameter and 90 cm long) In the usual practice in this laborator\ it has 
been possible to separate imxtures of methyl esters into mam fractions 
containmg almost entirely (more than 95 per cent) smgle carbon senes 
Table I describes the Cis esters of the several fats and oils under m\ esti- 
gation 

The molecular weights m Table I support the conclusion that the fractions 
m question are essentially Cis esters 

Isolation of Methyl Oleate— The crystallization procedure was applied to 
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the Cis esters of each of the several fats and oils Methyl stearate was 
removed by coolmg either m methyl alcohol or acetone solution (2 to 3 per 
cent concentration) to —25“ to —30° The filtrate containing the oleate 
and more unsaturated esters was then cooled to —60°, the resulting crystals 
of methjd oleate bemg repeatedly crystallized until the lodme numbers of 
the crystal and filtrate fractions indicated complete removal of linoleate 
In most of the fats studied linoleic acid was the only acid present which 
was moie unsaturated than oleic In others, however, Imolenic and other 
highly unsaturated acids were present 

Owmg to lumtations of space it is impossible to give the details of the 
numerous crystalhzations which were employed in the isolation of sub- 
stantially pure methvl oleate from each of the fats Details will be giien 
later of the procedures employed with lard and linseed oils Details of 


Table II 

Iodine Humber and Purtly of Methyl Oleate Preparations 


Source 

Iodine No * 

Pa ctat puntr 

Lard 

83 40 

97 4 

Beef tallow 

84 48 

98 7 

Adrenal phosphatidea 

83 67 

97 7 

Liver hpida 

84 60 

98 8 

Chicken fat 

85 92 

99 6 

Human fat 

81 27 

98 5 

Linseed oil 

86 64 

99 0 

Peanut “ 

85 67 

100 0 

Soy bean oil 

85 39 

99 8 

Cottonseed oil 

84 35 

98 5 


* Theory, 85 6 

the crystalhzation of the Cn esters of human fat have been 
Cramer and BroNvn (16) It will suffice to note here the lodme num^^ 
of the several methyl oleates which were isolated m this mvestiga ion 
from which weie prepared the several oleic acids described aer 
lodme numbers and purities, calculated from the iodine nuro ers, 

summarized in Table II orepara- 

Preparalion and Purification of Oleic Acids — ^The methy o ea e 
tions were saponified by refluxing for i hour with an excess o 
potassium hydroxide, the alcohol removed under nas 

oleic acid set free by addition of hydrochloric acid ® several 
carefully distilled and analyzed, the analytical constan o 

preparations are given m Table III nriEinal 

Since the analytical data on several of the products o 
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of crystallizations indicated purities which were not considered satisfactory, 
these were subjected to additional crystallizations to remove possible 


Table HI 

Analytical Data on Oleic Acids 


Source 

Times 

re 

crystal 

Lued 

rt« 

M p 

INo 

Thio 

cyano> 

Pu 
nty 
from I 
No 

Analysis tbiocyano> 
gen No 

Oleic 

Satu 

rated 

LmO“ 

leic 




c 




per 

per 

per 








cent 

cent 

cent 

Animal fats 










Lard 

0 

IMliw 

12 3-12 6 

87 74 

87 85 

97 6 


2 3 


Beef tallow 

0 

1 4599 


89 70 


99 2 


3 5 


Adrenal phos 










phatides 

0 

1 4598 

11 4-11 5 

86 89 

84 24 

96 6 

90 1 

6 8 


Liver lipids 

0 


12 4-12 6 

87 70 

lawil 

97 5 

90 2 

6 3 


Chicken fat 

0 



88 87 

88 40 

98 8 

97 5 

1 9 

0 6 

Human fat 

0 

1 4599 

12 4-12 7 

88 76 

87 81 

98 7 

96 3 

2 6 

1 1 

Seed fats 










Linseed oil 

0 


13 1-13 3 

88 65 

88 41 

98 6 

97 9 

1 6 

0 3 

Peanut “ 

0 


13 2-13 5 

90 10 

ISlgi] 

99 7 

99 3 

0 3 

0 4 

Soy bean oil 

0 

1 4598 

12 1-12 4 

lifTiwI 

85 15 

96 8 

92 1 

57 


Cottonseed od 

Q 


13 1-13 2 

89 09 


99 1 

94 7 

3 9 


Olive oil* 

0 


13 3-13 6 

89 98 

SIM 

100 0 

99 8 


0 2 

Com “ t 

0 


13 0-13 3 


87 15 

96 8 




Rape seed oilt 

0 

1 4598 

12 5-12 7 

87 26 

85 76 

97 0 





Recrystallized acids 


Lard 

2 


12 4-12 5 

88 81 


98 8 

96 9 

2 2 

0 9 


Beef tallow 

7 


11 3-11 5 

87 93 

87 58 

97 8 

97 8 

1 8 

0 4 

282 7 

Adrenal phospha 











tides 

7 


12 2-12 5 

fSlil 

Islgil 

97 9 

92 9 

4 7 

2 4 

wv.imt 

Human fat 

6 



88 97 

87 18 

98 9 

94 5 

3 4 

2 1 

282 2 

Linseed od 

2 


13 3-13 5 


89 13 

99 8 


1 1 

1 1 

280 5 

Soy bean oil 

2 


12 5-12 7 

ISIS] 


mumn 

94 9 

4 6 

0 5 


Rape seed odj 

2 


12 3-12 5 

88 27 


98 2 


5 9 

3 8 



* This was the best oleic acid preparation made by H D Foreman 
t Prepared by J F Frankel 

t Prepared by H D Foreman and S L Cans and further crystallized by one 
of us (R C M ) 


traces of methyl esters which might have escaped saponification and of 
acids more unsaturated than oleic Data on these recrystalhzed acids are 
also shown m Table III 
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Discussion of Analytical Data on Oleic Acid Preparations 

Refractive Index — The n"" of the several preparations in Table III ranged 
from 1 4598 to 1 4602, which values compare favorably mth those pre- 
viously reported 1 4597 (5), 1 4599 (6), 1 4600 (7) 

Melting Point — Previously reported meltmg points are, 13 0° (1, 3), 
13 0-13 2° (6), 13 36“ (5), and 13 3-13 5“ (7) With the exception of the 
specimens from soy bean and rape-seed oils, the observed melting points 
of the seed fats fall very close to the above values On the other hand, the 
specimens of animal ongm, wth the exception of chicken fat, melted 
sigmficantly lower The lowest meltmg point was shown by the oleic acid 
from beef tallow, which melted 3“ low and 2“ low even after seven additional 
crystallizations These were made to remove possible traces of unsa- 
ponified methyl ester and Imoleic acid, and, also, are likely to have removed 
some of the isomenc octadecenoic acids These low meltmg points are 
discussed further in connection with remarks on the probable punty of the 
specimens 

Purity of Specimens — Purities have been evaluated from the iodine 
number and by calculation from the lodine-thiocyanogen equations of 
Matthews, Erode, and Brown (18) We are convinced that punties by the 
former method are more accurate than by the latter for two reasons 
First, all of our preparations were crystallized to complete removal of acids 
more unsaturated than oleic acid, with the possible exceptions of peanut 
and linseed oils Second, a slight error in the thiocyanogen determination 
tends to exaggerate the amount of impunty In this laboratoiy on a 
number of occasions we have obtained low thiocyanogen values (1 to 
units) on preparations of monoethylemc acids which we are certam do no 
contain diethylemc matenal It is conceiv able that certain of the isomeric 
octadecenoic acids do not add thiocyanogen quantitatively These o' 
thiocyanogen values, when used m the calculation, tend to indicate o 
high a percentage of both linoleic and saturated acids While there is^no 
doubt that some of our preparations contained as much as 2 to 3 per ce^ 
of saturated acid, we feel certain they did not contain up to 6 per cen 
indicated in the oleic acids from adrenal phosphatides and hver lipids 

The purities of the unrecrystalhzed specimens m Table III as ev u 
from the iodine number range from 96 6 to 99 2 per cent in the amroa ^ 
and 96 8 to 100 per cent m the seed fats The prmcipal 
indicated by iodine number is due to saturated acids, such as s e^' 
palmitic In view of the fact that the starting matenal m eac c 
essentially Cis esters, it is not likely the contammant was pa ' jjjy 
Smith (5) reported only slight lowering of the meltmg pomt o o 
steanc acid The presence of 3 55 per cent steanc acid gsv® 
lowering to 13 1° Assuming complete absence of diet y e 
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therefore, the low melting points of the oleic acid preparations from lard 
and especiallj from beef tallow and adrenal phosphatides do not appear to 
be caused by the presence of palmitic and stearic acids 
Melting Points of Dihydroxy Acids — Upon non-disrupti\ e oxidation of 
oleic acid, there results an almost quantitative yield of a dihjdroxystearic 
acid melting at 131-132°, one of the most characteristic reactions of oleic 
acid A number of the preparations in Table III were oxidized bj^ the 
procedure of Lapw orth and Mottram (19) The resulting dihydroxy acids 
were crystallized once from alcohol, and the meltmg points taken In a 
number of instances the mixed melting point with the known dihydroxy 


Table IV 

Melting Points of Dthydroxysleanc Acids 


De5cnpuo& of oleic aad 

M p uacorrected 

Mixed m p with olive oil 
dihydroxy acid 


C 

c 

Olive oil 

130 -131 


Lard 

124 -126 

122-123 

“ (2)* 

128 5-129 5 

130-131 

Beef taliow (7) 

125 7 

125-126 5 

Adrenal phosphatides (7) 

123 -124 5 

125-127 

Liver lipids 

129 -130 5 

131-132 

Human fat 

127 5-128 5 

129-130 

" " (6) 

129 -131 

131-132 

Chicken fat 

129 -131 

129-131 5 

Linseed oil (2) 

130 -132 


Soy bean oil (2) 

127 5-130 

128-130 

Cottonseed oil 

130 -131 6 

127-129 

Rape seed “ (2) 

130 -131 

127-129 


* The figures in parentheses refer to the number of times the oleic acid was re 
crystallized before the derivative was prepared 


acid of ohve oil oleic acid was observed These results are summarized m 
Table IV 

The dihydroxy acids from olive oil, liver lipids, chicken fat, hnseed oil, 
cottonseed oil, and rape-seed oil showed normal melting pomts Those 
from lard, beef tallow', human fat, soy bean oil, and adrenal phosphatides 
melted appreciably lower, the mimmum meltmg point being observed with 
adrenal phosphatides The mixed meltmg pomt behavior w as not entirely 
consistent but m general supported the conclusion that m a number of these 
preparations dihydroxy acids were bemg obtamed which are qmte different 
from the oxidation product to be expected from ordinary' oleic acid These 
low meltmg dihydroxy acids may or may not be identical wnth those ob- 
tained by Moore (11) and by \imstrong and Hilditch (12) Moore ob- 
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tamed a dihydroxysteanc acid meltmg at 124-125° from South Sea ivhale 
oil The product of Armstrong and Hilditch, also from whale oil, melted 
at 125-126° On the basis of disruptive ovidation, these latter investiga 
tors concluded that this oil contamed small amounts of the 11,12-octade- 
cenoic acid 

Recryslalltzatton of Acids — In a number of instances in which the evidence 
pomted to the presence of isomenc octadecenoic acids m the oleic acid, it 
was subjected to repeated reciystalhzation as noted m Table III, and the 
several filtrates from these crystalhzations were further studied As al 
ready reported bj Cramei and Brown (16) m the case of human fat oleic 
acid, the consecutive filtrate fractions, amountmg to 0 8 to 3 0 gm , melted 
at 1°, 2°, 8°, 9°, 10°, and 11°, respectively, indicated that these filtrates 
were concentrates of the isomenc acid Several of these were combined 
(second and third) and after two crystalhzations from petroleum ether at 
—65° yielded a product which melted at 5 7-6 0° and gave a dihydroxy 
acid meltmg at 122-123 5° (mixed melting point 125-127°) Sunilar low 
meltmg pomts were observed on the oleic acid in the filtrates from the 
repeated crystallization of the oleic acid from tallow, lard, adrenal ph^ 
phatides, soy bean oil, and liver hpids, and on the dihydroxy acids prep^ 
from these filtrates We believe that these results still further confirm 
our previous suggestions that the oleic acids from most of these arum 
lipids are muitures of octadecenoic acids, of w hich ordinary oleic acid is e 


principal component 

To summarize, we ha\e prepared oleic acids from twelve fats and o 
both animal and seed ongm by a procedure w'hich mvolved first, iso a i 
of the Cis methyl esters of these fats by distillation through a very e c«n 
column, separation of these Cis esters by repeated low temperature coj^^^ 
zation into methyl oleate, stearate, and more unsaturated esters, an 
version of the oleate into oleic acid by the usual method Many o 
oleic acids have been further repeatedly^ crystalhzed to remove 
impurities In general we have found that four of the seed fat o ™ 

(olive, cottonseed, coin, linseed) and one from an animal source (cc 


are practically pure oleic (9 , 10-octadecenoic) acid ffallo", 

tamed from soy bean and rape-seed oils, and those from lard, 
adrenal phosphatides, pork liver lipids, and human fat gave e ^ 
bemg mixtures of one or more octadecenoic acids, of which o ei 


prmcipal component 


Isolation of Oleic Acid from Lard 
The Ci8 esters of lard were repeatedly crj^stalhzed according 


procedure described m Chart I oleic acid 

The methyl oleate from Chart I, upon sapomfication, gave 
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\«th an iodine nuinber of 80 05 lliis was crystallized as shown in Chart 
II Since we were vinable to account foi the low iodine (and thiocyanogen) 
number in Cio of Chait II, this fi action was still further crystallized Sec 
Chart III 

Iheie IS no evidence in these lecrystalhzations of the piesence of hnoleic 
or of palmitic acid Yet it seems practically impossible here to iemo\ e the 
matei lal w hich is giving an iodine number about 1 umt low The evidences 

Chabt I 

Fraclionai CryalalUzalton of Cn Ealera of Lard 
225 gm caters 

I No 86 4, thiocyanogen No 64 4, mol wt acids 281 S, dissolved in 
4 5 liters methanol (MeOH), cooled to —23° 


Crystals, Ci, dissolved in 4 5 liters MeOH, 
cooled to —25° 

1 

I n 

Filtrate, Fi, 179 gm , 

I No 102 3 

Cj, redissolved in 4 liters MeOH, cooled to —25° 

1 

1 

Fi, 16 gm , I No 101 3 

Cj, methyl stearate, 29 5 gm , I No 0 4, m p 37 5° 

1 

F,, 1 0 gm , I No 63 7 

f 1 -b f'r -1- Ft (195 gm ), dissolved m 4 liters MeOH, cooled to —60° 

Cl, redissolved^in 4 liters MeOH, cooled to —60° 

Fi, I No 152 7, 30 gm 

Cfl, 137 gm , I No 83 6, redissolved m 4 liters MeOH, 
cooled to —60° 

1 

] 

Fi, 18 gm , I No 147 

C7, redissolved^m 4 liters MeOH, cooled to —60° 

1 

F?, 5 5 gm , I No 109 8 

Cl, 125 gm methyl “oleate,” I No 83 4 (theory 85 6), 
punty 97 4% 

Fs, 3 5 gm , I No 70 8 (I 
No below 85 shows all 
linoleate removed) 


m Charts I to III foi isomeiic octadecenoic acids are in line wnth the points 
previously piesented, more especially the meltmg points of the acid and of 
the set eial filtrate fi actions Theie is a reasonable possibility of the pres- 
ence m this lard oleic acid of octadecenoic acids w hich do not give the theo- 
letical iodine oi thiocyanogen numbere Since, howeter, they have not 
been identified other than as noted in the filtrates abo\ e, by actual sepa- 
ration 01 bv disruptive o\idation, tlus conclusion is not bet ond question 



OCTADECENOIC ACIDS 


Isolation of Oleic Acid from Linseed Oil 

Scveiai eailiei leports of the composition of the fatty acids of linseed oil 
showed contents of oleic acid amounting to 0 to 18 per cent (20-23) 
Painter and Nesbitt (24), m analyzing the glyceiides of this oil by the 
lodme-thiocyanogen equations, found somewhat higher values ranging 

Chart II 

Cryslalltzalton of Oleic Acid from Lard 
82 gm oleic acid m petroleum ether (2%), cooled to —23° 


No crystals 


Cooled to —32° 

1 


0 7 gin , I No 81 0, m p 12 3-12 6° 


Filtrate 
Cooled to —60° 

i 


80 5 gm , I No 87 74, tluocyanogen 
No 87 85,mp 12 3-12 6° 


Filtrate 

06 gm, I No 86 6, mp 
0 5-1 3° 


Chart III 

Itecryslallizalion of Cm 

46 5 gm Cio dissolved in 1060 ce ether, cooled to —40° 


Cii Filtrate , 

7 gm , I No 87 2, thiocyanogen No 87 7, Ether removed, ihsaolvoei m 
mp 12 5-13 0° petroleum ether (about •i/o/i 

cooled to —60° 

1 


Ci 3 Filtrate 2 5-3J’ 

Dissolved m petroleum ether, 1 1 gm , I No 88 5-, m p 
cooled to —60° 

1 


Filtrate g 

38 gm , I No 88 81, thiocyanogen No 88 1, m p ® ^ w 

12 3-12 5°, mol wt 279 7, dihydroxy acid 0 5-1 ^ 

mp 128 5-129 5° 

liom ]2 to 38 pci cent Iheie is no question that m some 
linseed oil, oleic acid is piacticallj a mmoi component acid o a 
know , the actual isolation ot oleic acid fiom this oil has not been prev 

attempted Jinoleatr, 

The Ci8 esters of lin&eed oil consist of methv 1 steaiate, o ea e, j 
and linolenate, the last m piepondeiant amount In the piepa 
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these esters there Mas some question concerning the possibility of distilling 
them without serious alteration We are including, therefore, the dis- 
tillation data in Table V 

The separation described in lable V was e\tremely efficient Most of 
the previous analyses of linseed oil have not included values for other 
series than the Cu Gnffiths el al (23), how ever, did report 5 4 per cent 
of palmitic, 0 2 per cent myristic, and 0 6 per cent arachidic acids The 


Table V 


Analytical Constants of Various Fractions of Linseed Oil 


Fraction 

B p 

Weight 

Mol 

Wt 

iNo 

Probable 



Estera 

Acids 


Al 

C 

118 -120 5 

tm 

5 7 

253 3 

239 3 

1 33 

Ci|— Cii 


120 5-125 

37 9 

270 1 

256 1 

9 56 

1 Cii 


125 -136 

15 7 

284 3 

271 3 

120 8 

^ Cif-Cij 

mBSM 

130 -140 

695 6 

294 5 

280 5 

197 5 

Cl8 


Residue 

9 2 

299 2 

285 2 

110 6 

Cii 

Total 


764 1 

1 





Chabt IV 

Removal of Methyl Stearate from Cu Esters of Linseed Oil 
405 gm , I No 197 5, dissolved m 8 liters MeOH, cooled to —25“ 

Cl, redisaolved in MeOH, cooled to —25° F i, 379 5 gm , I No 206 0 


Cl, redisaolved in 8 liters MeOH, cooled to —25° Fi, 6 gm , I No 80 94 


Cl, methyl stearate, 13 5 gm , I No 0 0, ra p 37 4° Fi, 3 2 gm , I No 67 06 
(3 3% of Cu fraction) 

molecular weights m Table V confirm the presence of these other carbon 
senes The residue. Fraction A-5 9 2 gm , of molecular weight 285 2, is 
clear evidence that the distillation was earned out without appreciable 
polymerization, and further confirms the fact that only traces of C-o acids 
are found in this oil The iodine number, 9 6, of the Cu fraction, A-2, 
IS an indication of the probable presence of he\adecenoic acid in this oil 
The isolation of methyl oleate from Fraction A-4 of Table V was earned 
out m three senes of crystallizations as noted in Charts IV, V, and VI 















Chabt V 

Removal of Methyl Oleate from More UnaatwaUd Eaters 

200 gm of F,, I No 206 6 
in 4 liters MeOH, cooled to —20° 

1 


Cl, 3 5 gm , I No 68 8 

Fi, Moled to -39° 

Cs, 1 0 gm , I No 137 6 

Fj, cooled to -48° 

1 

Cl, 31 6 gm . I No 98 6 

1 

Fi, cooled to —55° 

1 

Ci, 10 5 ^ , I No 116 1 

F:, ^cooled to -60° 

Cs, 2 5 gm , I No 206 7 

Fi, 147 5gm,INo 2110 

Simplified Procedure 

177 gm Fi fraction, I No 206 6, dissolved in 2 5 hters MeOH, cooled 
to -20° 

1 

I 

Cl, 2 5 gm , I No 71 7 

Fi, cooled to —55° 

Ct, 48 gm , I No 122 9 

Ft, 126 gm, I No 2397 


Chart VI 

Purification of Methyl Oleate Fraction 
Combined Ci through Ci, 89 5 gm , I No 120 5 (calculated), disaolved 
in 3 26 liters acetone, cooled to —70° 


Cl, rediseolved in 3 25 liters acetone, Fi, 25 5 gm , I ^ 
cooled to —67° 


Cl, 67 ^ , I No 81 8, dissolved in Fi, 5 gm , I No 103 3 
3 25 liters acetone, cooled to —67° 

I 

i 


Cl, 47 5 gm , I No 80 7, dissolved in F., 3 8 gm , I No 63 46 
2 liters MeOH, cooled to —32° 

1 


Cl, 1 2 gm , I No 76 35 


1 

Fi, cooled to —63° 


Cl, 36 5 gm , I No 86 64 
448 


Fj, 1 0 gm 


, I No 68 61 
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The methyl oleate, Ct, of Chart VI, was converted into oleic acid which 
was recrystallized from petroleum ether as descnbed in Chart VII 
The final product, Cj of Chart VII, apparently was one of the best of our 
preparations of oleic acid as noted from the melting pomt and other con- 
stants It was apparently identical with the oleic acid from olive oil 

Chart VII 

F-UTther Purification of Oleic Acid from Linseed Oil 

Oleic acid, 19 0 gm , I No 88 65, thiocyanogen No 88 41, m p 13 05- 
13 30°, dissolved in petroleum ether (2%), cooled to —60° 


Ct, rediEsolved in jjetroleum ether, Fi, 0 5 gm , I No 89 6, 

cooled to —60° m p 1 5-2 5° 


Ct, 15 3 gm , I No 90 06, thiocyanogen No 89 13, Ft, 0 4 gm , m p 4 75-5 5° 

mp 13 3-13 5°, mol wt 280 6 


SUMMARY 

1 Octadecenoic acids have been isolated by low temperature crystalhza- 
tion of the Cu methyl esters of a number of fats and oils and hpids of animal 
and vegetable ongm These octadecenoic acids have been compared with 
oleic acid made by similar methods from olive oil 

2 The octadecenoic acids of chicken fat, and of peanut, cottonseed, corn, 
and linseed oils appear to be identical with the oleic acid of olive oil On 
the other hand, the octadecenoic acids of lard, beef tallow, beef adrenal 
phosphatides, pork liver lipids, human fat, and, to a somewhat lesser extent, 
soy bean and rape-seed oils appear to be mixtures of oleic acid ivith other 
isomenc octadecenoic acids, oleic acid bemg the prmcipal component of 
these mixtures 

3 The evidence for these conclusions is based on the low meltmg pomts 
of the ongmal preparations, the even lower meltmg pomts of certain filtrate 
fractions obtained by crystallization of these specimens, and the melting 
points of the dihvdroxy acids 

4 So far as beef fat and lard are concerned, these results appear to con- 
firm the previously reported presence of vaccemc acid in these fats Our 
results and those previously reported pomt to the hkehhood of a rather 
general occurrence of octadecenoic acids other than oleic m fats and other 
hpids of ammal ongm 

5 Details are presented of the isolation of oleic acid from lard and from 
linseed oil 
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The sjnthcais of phosphon Ichohne has been attempted already m a 
number of different \Najs Xo less than five methods for its preparation 
ha\ e been dev eloped The> mclude the phosphorylation of chohne hahde 
bj (a) phosphorus 0x3 chloride (1-3), (d) phosphorus pentoxide or phos- 
phorus pentovide and anhjdrous phosphoric acid (2, 4-7), (c) ethyl meta- 
phosphate (8), and the phosphorjdation of ethylene chlorohydnn by (d) 
phosphorus o\j chloride (2, 5, 9), (e) ethjd metaphosphate (8, 10, 11) with 
subsequent transformation of the phosphoryl ethylene chlorohydnn mto 
phosphorylcholme b^' means of tnmethylamine The procedures give at 
best complex reaction mixtures from which the desired pure compounds 
can be isolated only w ith difficultj and m poor yields An improved syn- 
thesis of phosphorylcholme was desirable which would supply the sub- 
stance in a pure form for chemical and biochemical mvestigations 

Most complications encountered m the earlier procedures can be traced 
back to the use of unsuitable phosphorylatmg agents Diphenylphos- 
phoryl chlonde, recently mtroduced for this purpose (12), was found emi- 
nently suited for the phosphorylation of cholme and its use led to the 
development of a new procedure which has the distmct advantage of pro- 
ducing the ester m a pure state The esterification (Equation A) is earned 
out m diy pyndme at room temperature and proceeds without the forma- 
tion of secondary reaction products Diphenylphosphorylcholme (I) is 
isolated from an aqueous solution of the reaction mnxture m the form of its 
insoluble chloroaurate (approximately 90 per cent) from which it is re- 
covered by treatment with finely divided metallic silver (13) m a yield of 
98 per cent 

(A) Cl(CHa),N CH,CH OH + Cl— PO(OC,H»), + C,H.N 

Cl(CH,)jN CHjCHr-0— PO(OC^H5)J + CsHsN HCI 
( 1 ) 

(B) CUCH,),N CH,CHr-0-F0(0C.Hj), + 8H, ^ 

C1(CH,),N CH,CHr-0-P0(0H), + 2C,H,j 
(H) 

The phenyl groups of the phenyl ester are elimmated by catalytic hydro- 
genolysis m methanol wnth platmum and hydrogen at room temperature 
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(Equation B) Based on the amount of cholme chloride used, the over- 
all yield of phosphorylcholme is usually about 88 per cent When an 
aqueous solution of phosphorylcholme hahde (II) is digested with banum 
carbonate, the barium salt is formed which, after removal of the excess 
barium carbonate, precipitates in glistening leaflets on the addition of 
ethanol The substance is obtamed mimediately m analytically pure form 
For analysis the substance was dried tii vacuo (about 0 5 mm of Hg) at 
100° over phosphorus pentoxide to constant weight The analytical 
values obtamed for C, H, N, P, Cl, and Ba corresponded very xxell mth 
those calculated for the anhydrous barium salt of phosphorylcholme * 
The mvestigation of phosphorylcholme by Plimmer and Burch (2) and 
Beznak and Cham (7) revealed the mterestmg fact that m contrast to most 
cholme esters (e g lecithm, acetylcholme) the phosphoric acid ester is 
unusually resistant to acid and alkali 

Information pertaming to the chemical hydrolysis of phosphorylcholme 
bemg meager, further investigation was earned out xvith pure phosphoiyl 
cholme prepared as desenbed beloxv For comparative purposes a similar 
study was made with phosphorylcholme prepared accordmg to the direc 
tions of Plunmer and Burch ^ The rates of hydrolysis of both pbosphoryl 
cholme preparations were mvestigated first at 100° ± 1° m 1 N hydrochlono 
acid (see Fig 1, Curve 5) The results were roughly comparable inth 
those obtained by Plmuner and Buich The cleavage under these condi- 
tions was extremely slow, approximately 20 per cent m 12 hours [Io« 

= 1 3 X 10~*] The hydrolysis therefore xvas studied also m 2 n hydro- 
chloric acid at 125° ± 1° The adoption of these conditions, used pre- 
viously with good results by Lobmann (14) and Meyerhof and Kiesstag 
(15) m their mvestigations of the organic phosphates mvolved m carbo J- 
drate metabolism, enabled us to carry out the complete hydrolysis of p 
phorylcholme m a reasonable period of tmie and to compare ite rate wi 


1 Phmmer and Burch (2) reported that their banum salt ol phosphory ° ° 
which contained 4 molecules (16 88 per cent) oi water when air dned sti re 
water of crystallization in amounts varying between 8 4 and 4 55 per cent a 
mg been dned in vacuo at 100° over phosphorus pentoxide Such a retention 
of crystallization at 100° is at vanance with our experience 

* The latter preparation was not obtained free from impunties The 
these became manifest when freshly prepared bdIuUoub of a repeatedly 
barium salt of phosphorylcholme m 2 n hydrochlono acid developed jjig 

phate on standing at room temperature The lability of the impurity o ^ 
gested the presence of pyrophosphate, the formation of which may 
by the use of a mixture of phosphorus pentoxide and phosphonc aci , 
tammant, which if not removed would falsify the hydrolysis curve o P 
cholme , was destroyed by heating the solution of the banum salt m u jjpiyj 

acid to 100°forapenod of 3 hours The resulting solution, free from eas 

able phosphate, was used for the investigation 
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those of other organic phosphatcij of bunilar constitution The hydrolysis 
cur\es of our phosphorylcholine (Fig 1, Curve 3) and of the preparation 
nude by us according to Phinmer and Burch, but purified by preliminary 
partial hydroljsis, \scre found to follow closely the theoietical curve of a 
pseudounimolecular reaction [kiiot lo) = 1 16 X 10~“1 Notwithstandmg 
the conflicting analjtical reports mentioned,* the pronounced sunilanty 
of both cun es of hi drolvsis confirms the identity of the phosphorylcholme 
preparations 

To earlier observers the insignificant hydrolysis of phosphorylcholme 
at 100° mdicated an abnormally high acid stability but the newly deter- 
mmed rate of hydrolysis of phosphorylcholme at 125° placed the substance 
with regard to its acid stability m the same class as a-glycerophosphoric 
acid, /3-gly cerophosphoric acid, and glyceric acid-3-phosphoric acid (15) 
Smce all four substances ha\ e similar stabilities but w ith the exception of 
phosphorylcholme are unable to form a betam, it is unlikely that this 
structure is responsible for the acid stability' of phosphorylcholme as sug- 
gested by Beznak and Cham (7) The acid stability of phosphorylcholme 
probably is due to the fact that it is a mono ester of phosphonc acid “ 

Vccordmg to previous reports phosphorylcholme was neither sapomfied 
by 2 N alkali at 100° m 100 hours (2) nor by 10 n alkali at approximately 
118-120° m 30 mmutes (7) On raismg the temperature of saponification 
m 2 N potassium hydroxide to 125° and extendmg the time to 50 hours, we 
found that 40 per cent of the organic phosphate was mmerahzed (Curve 
2, Fig 2) The saponification of phosphorylcholme at this temperature 
may, however, be accompanied by side reactions The recogmtion of a 
strong odor of tnmethylamme suggested that decomposition either of 
the ester or of free cholme w as occurrmg How ever, under the conditions 
of the experiment it w as impossible to determme the amount of tnmethyl- 
amme formed or which of the two compounds gaie nse to it Some 
doubt may exist therefore as to whether the rate of saponification of phos- 
phorylcholme is truly represented by Curve 2 However, the rate of sapon- 
ification of a-glycerophosphate m 2 n potassium hydroxide at 125° ± 1°, 
although slightly higher than that of phosphorylcholme, was found to be of 
the same order of magnitude 

The action of true cholmesterase and pseudocholmesterase on phos- 
phorylcholme has been mvestigated by Miss Dorothy B MundeU The 
results of this mvestigation, described m an appendix to the experimental 
part, indicate that the primary function of this compound is not as a denva- 
tive of cholme but rather as a phosphoric acid ester In support of this 

* The great instability of both tnose monophoephonc acids in dilute hot acids 
(16, 17), an apparent exception, in reality is due to decomposition into methyl- 
glyoxal and inorganic phosphate and not to hydrolysis 
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View IS the finding of Plimmer and Burch (2) that the compound is split 
by phosphatase 

The remarkable stability of phosphorylchohne to acid and alkali is of 
peculiar mterest m view of the ease ivith which lecithm is broken down 
The digestion of lecithm even with dilute acid or alkali at room temperature 
liberates cholme (18) Phosphorylchohne, however, is hydrolyzed only 
when a strong acid or a strong alkali at a high temperature is emplojed 
Thus it seems that the stability of an ester bond in an organic phosphate 
can vary considerably and that the sequence and the ease with which these 
hnkages are opened depend on the degree of esterification and the nature of 
the substituents In view of the importance of organic phosphates m 
metabolism the absolute and relative stabilities of secondary and tertiary 
esters deserve further mvestigation 


EXPERIMENTAL 


Diphenylplwsphorylcholtiie Chloroaurate — nuxture of 4 19 gm (0 030 
mole) of finely pulverized dry cholme chloride, 8 65 gm (0 033 mole) of 
diphenylphosphoryl chloride (12), and 26 gm (0 33 mole) of dry pjn 
dme^ was shaken with several heavy glass rods m a closed bottle for 2 days 
at room temperature The pasty mixture was transferred to a distilling 
flask and the excess pyridme w as removed as thoroughly as possible by 
distillation under reduced pressure at 40° In order to isolate the diphenyl- 
phosphorylcholme chloride the residue w as dissolved m 650 cc of water 
and a concentrated aqueous solution of 18 0 gm (0 045 mole) of sodium 
chloroaurate ( 2 H 2 O) was added The precipitate was filtered off "it 
suction, washed with a small volume of cold water, and dned in lacuo over 
CaCb 

The mnxture of the chloroaurates of pyridme and diphenylphosp oiy 
cholme was extracted with boiling ethyl acetate The filtrate was 
and diphenylphosphorylchohne chloroaurate separated m bright >e ow 
needles This material usually melted mcompletely at 108-118 , 
a skeleton of a higher meltmg substance, presumably pyridme chloroaura 
Repeated recrjstallization from ethyl acetate raised the meltmg 
122-123°, yield 18 0 to 18 5 gm (approximately 90 per cent) P™ 
meltmg at this temperature gave a clear melt Further reciys a ‘ 
from methanol which yielded the chloroaurate m bright yel 
did not raise the meltmg pomt The substance is soluble m co 
and hot absolute methanol, slightly soluble m cold 99 per cent e a 
boilmg water It is insoluble m hot benzene and boiling ether 

* In order to obtain high yields of diphenylphosphorylchohim 

excess of pyndine is necessary, since choline chloride is only slig y 
solvent 


large 

this 
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For analysis the diphcnj Iphctephorylcholine chloroaurate was kept over 
phosphorus pentovidc in lacuo at room temperature for 12 hours 

C,,HuO.\ClP VuCIi (075 5) 

Calculated C 30 25, 11 3 43, N 2 08, Cl 21 00, P 4 59, Au 29 2 
Found " 30 20, “ 3 10, “ 2 02, “ 20 80, “ 4 SO, “ 29 7 

Diphcnylplioapliorylchohne Chloride — The pure chloroaurate was decom- 
posed w ith metallic sih er accordmg to the procedure of Dudley (13) A 
solution of 18 0 gm of diphenj Iphosphorylcholme chloroaurate m 120 cc 
of hot methanol was stirred with 60 gm of finely divided silver until the 
solution became colorless (appro\inmtely 2 to 3 mmutes) The morganic 
material was filtered off, washed well with hot methanol, and the combmed 
filtrate and washmgs were taken to dryness, under reduced pressure 
Yield 9 70 gm ,98 per cent of theorj The hygroscopic ester is very soluble 
in water and alcohol but only slightly soluble in anhydrous acetone 

For analjsis the substance was crjstalhzed from anhydrous acetone con- 
tammg 2 5 per cent methanol and dried in vacuo over phosphorus pentoxide 
at room temperature for 3 days White needles, m p 133-134° “ 

C„H„0,NC1P (371 8) 

Calculated C 54 91, H 6 23, N 3 77, Cl 9 5, P 8 33 
Found " 54 70, " 6 31, “ 3 57, “ 9 3, “ 8 13 

Barium Salt of Phoaphorylcholine Chloride — A solution of 9 70 gm (0 026 
mole) of diphenylphosphorylchohne chloride m 225 cc of anhydrous 
methanol and 2 0 gm of platmum oxide (Adams’ catalyst) was shaken 
vigorously m an atmosphere of pure hydrogen at a pressure of approxi- 
mately 40 to 50 cm of water The reaction mixture was kept cool (15-20°) 
by droppmg ether on the reaction vessel Absorption of the gas ceased 
when 4890 cc “ of hydrogen (normal temperature and pressure), i e 
the theoretical amount, were taken up The catalyst was filtered off, 
washed with methanol, and the combmed filtrate and washmgs were evap- 
orated to dryness in vacuo Yield 5 8 gm (1(X) per cent) of phospfaoryl- 
cholme chloride The over-all yield, mcludmg this step, is about 88 per 
cent The very viscous residue was dissolved m. 65 cc of water andwas 
digested with an excess of banum carbonate on a hot water bath The 
filtrate and washmgs from the undissolved bantim carbonate were com- 
hined and coecentrated to a volume of 30 cc. Dn dropmriM additioix of 

‘ Thig BjeltiBg point is given with re»ervation, sisee tW hjfroec^^cityoftfa'itt^ 
atance BuAe» it difficult to take without special piecautiona 'The wsbataitce wa»~- 
dned in the ineltmg point tube over phosphorus peotimde tn tseoo at wjom tem- 
peratnre for adays and the tube was sealed immediately on reniavjd from the desic- 
cator 

* Included is the amount of hydrogen required for the reduction of tie catalyst 
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180 cc of 99 pel cent ethanol the barium salt of phosphorylcholme sep- 
arated m leaflets The salt is readily soluble m water but insoluble m 
ethanol 

For analysis the salt was dried in vacuo (0 5 mm ) over phosphorus 
pentoxide at 100° for 16 hours 
CjH„0,NClPBa HjO (373) 

Calculated C 16 10. H 4 05, N 3 75, Cl 9 51, P 8 31, Ba 36 83 
CsHnOiNClPBa (355) 

Calculated C 16 90, H 3 69, N 3 94, Cl 9 99, P 8 74, Ba 38 67 
Found " 16 90, “ 3 75, “ 3 92, “ 10 0, “ 8 90, “ 38 70 


Acid Hydrolysis of Phosphorylcholme — A series of sealed off Pyrev testr 
tubes,'^ each contammg 6 to 7 cc of 0 00365 m solution of phosphorylcholme 
m 2 N HCl, was kept m a bath at 125° ±1° At mtervals of 1 hour durmg 
the early stages of the hydrolysis and of 2 hours towards its end tubes 
were removed and their morganic phosphonis was determined colon 
metrically Kmg’s procedure (19) m a slightly modified form was used 
The addition of perchloric acid was omitted and the standards and samples 
were made up to contam equal amounts of hydrochloric acid (5 cc of 2 N 
HCl per 15 cc ) The determmation of the total phosphorus was earned 
out accordmg to Kmg’s origmal procedure The hydrolysis at 100° was 
carried out m essentially the same manner mth a 0 03 m solution of phos 
phorylcholme mix hydrochloric acid The rates of hydrolysis of phos 
phorylchohne are shown m Fig 1 (Curves 3 and 5) 

Alkali Hydrolysis of Phosphorylcholme — The potassium salt of phos 
phorylcholme was prepared for the study of the hydrolysis of phosphor)’!- 
cholme m potassium hydroxide solution * A boilmg solution of 50 mg o 
potassium sulfate m 10 cc of water was added to a hot solution of 90 mg 
of barium phosphorylcholme m 10 cc of water The barium sulfate was 
filtered off and the aqueous solution was evaporated in vacuo to drjmess 
The residue was dissolved m 75 cc of 2 N potassium hydroxide and a per 
tion of this solution (55 cc ) was placed m a silver-lmed copper pressure 
vessel ® The vessel was sealed and after bemg heated m a boilmg w^er 
bath for 5 mmutes it xvas transferred to an oven kept at 125 ±1 
quots (5 cc ) for the determmation of morganic phosphate were ta en 


the end of 4, 20, 32, and 47 hours 

’ The surface of the test tubes was freed from material which develops ® 
with the phosphate reagent by treating the tubes with boiling 5 N hy roc 


for a penod of 5 hours mojt 

* Potassium hydroxide was chosen, because on the addition of perc 

of the salt which interferes with color development is removed tubes 

* An attempt to carry out the alkaline hydrolysis in sealed Pyrex es 
because the amount of chromogemc material leached from the gli^s '^^te 
greatly exceeded the quantity derived by hydrolysis of organic phosp a 
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To each of the ahquota 2 12 cc of 60 per cent perchloric acid were added 
(0 92 cc isaa required for neutrahzation) and the potassium perchlorate 
Mas filtered off The precipitate Mas washed with three 1 cc portions of 
water The filtrate and washings, of each aliquot were transferred quan- 
titati\ely to a 15 cc volumetric flask 
The total phosphorus m the alkalme solution of the potassium salt was 
determined by digestmg 1 00 cc of the mixture with 1 8 cc of 60 per cent 
perchloric acid in the manner described by Kmg After the contents of the 
digestion tube were diluted with 3 cc of water, the potassium perchlorate 
was filtered off and washed three times with 1 cc of water The filtrate 
and washmgs were collected in a 15 cc volumetric flask 



Fia 1 Hydrolysis curves of (Curve 1) glycenc acjd-3 phosphono acid in 2 035 
N HCl at 124°, (Curve 2) p glycerophosphonc acid in 2 035 N HCI at 124°, (Curve 3) 
phosphorylcholine in 2 0 x HCl at 125° ± 1°, (Curve 4) a glycerophosphonc acid in 
2 14 N HCl at 127°, (Curve 5) phosphorylcholine in 1 0 N HCl at 100° Curves 1, 2, 4 
were constructed from the data given by Meyerhof and Kiessling (15) The hydroly- 
sis curve of phosphorylcholine prepared by us according to the procedure of Plimmer 
and Burch is identical wuth Curve 3 The values of k were calculated with the mmute 
as the unit of time 

To make the conditions m the standards comparable with those m the 
samples a special dilute phosphate standard had to be prepared 2 50 cc 
of the stock solution of KHjPOi (2 1935 gm per 500 cc ) were diluted to 
250 cc with 2 N KOH To 5 cc of this solution 2 12 cc of 60 per cent 
perchloric acid were added The potassium perchlorate was filtered off, 
washed with three 1 cc portions of water, and the filtrate and washmgs were 
collected m a 15 cc volumetric flask 

Colors were developed m the standard and test solutions by addmg 1 
cc of 5 per cent ammonium molybdate and 0 5 cc of ammonaphtholsulfonic 
acid reagent The volumes were made up to 15 cc ivith water After 
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Fig 2 Hydrolysis curves of (Curve 1) a glycerophosphonc acid m 2 N potassium 
hydroxide at 125° ±1°, (Curve 2) phosphorylcholine m 2 N potassium hydroxide at 
125° rfc 1° 


Table I 


Typ« and quantity of putidcd chohneaterase acting 
on 275 mg per cent solution of phosphorylcholine 

Tune 

Amount of inorganic P* found 
m ezpenmenul solutions 

Theortued 
amount o' 
phospboroJ 

laexptn 

menUl 

soluliou 

Without eserme 

WithSXJD** 
u esenoe 


1 

hrs 

mr 

«r 

ml 

Pseudocholin 

From dog pancreas 

0 

0 



esterase 

(21), t 1 4 units! 

2 

0 105 


2 25 


QAch 30,000 

6 

0 363 

0 356 1 



From horse serum (22), f 

0 

0 

0 

1 12 


74 units QAch 54,000 

6 

0 

0 

True cbohn- 

From human red blood 

6 

0 01 (co ) 

0 01 (co ) 

1 0 

esterase 

cells (20) ,t 18 2 units 






OAch 500 






From hiuoan red blood 

7i 

0 03 “ 

0 03 “ 



cells 01 units QAcb 






500 






• Determined according to. King' (19) 
t BiWiographia reference numljer „ /rf'kVdrolf* 

1 1 unit of cholinesterase is dedn^dee^he amount of enayme 

ing 73 mg. of aeetylcboluio-at'asubetrstc coneentratiogof F|»erctnt 

for pseudoc^linesterase and 10 mg per cent of acetylcholine for true enou*** 

15 minutes, the unknowns were compared (»Io»nJPin^y 
standard The hjodrolysis curve is given m Fig 2, Curve- 
The rate of hydrolysis of «-glycerophosphonc acid in 2 N P*” 
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hydroMcle at 125° ± 1° was determined m the same manner (Fig 2, Curve 

1) 


Cholinesterase and Plwsphorylchohne 
DonoTiii B Mundell 

Purified preparations of true and pseudocholmesterase (20) were al- 
lowed to react with phosphory Ichohne, the experiments bemg carried 
out at 37 5° and pH 7 1 (0 025 m bicarbonate m equilibrium w ith 5 per cent 
CO 2 m Xi) 

From Table I it is seen that the small amounts of P found were the same 
whether or not eserme was present Smee cholmesterase is mhibited by 
eserme, any action on phosphorylchohne was probably due to some phos- 
phatase m the purified preparations 

Conclusions — Neither tnie nor pseudocholmesterase is able to hydrolyze 
phosphorylcholme This confirms the results of Bezndk and Cham (7) who 
found no action of serum cholmesterase on phosphorylcholme by their 
method 

SUMMARY 

1 A new synthesis of phosphorylcholme is described m which no second- 
ary reaction products are formed The mtermediates and the end-product 
are obtamed readily m a pure condition and m excellent yields 

2 The synthesis mvolves three steps (a) phosphorylation of cholme 
halide with diphenylphosphorvl chloride m pyndme and isolation of di- 
pheny Iphosphorylcholme as chloroaurate, (6) decomposition of the chloro- 
aurate wuth metallic silver to obtam the diphenylphosphorylcholme, (c) 
catalytic hydrogenolysis of the phenyl ester to phosphorylcholme and the 
preparation of the barium salt 

3 The rates of hydrolysis of phosphorylcholme m acid at 100° and 125° 
and alkali at 125° were determmed and found comparable with those of 
a-glycerophosphonc acid, /3-glycerophosphoric acid, and glyceric acid-3- 
phosphoric acid 

4 True cholmesterase and pseudocholmesterase do not hydrolyze 
phosphorylcholme 

Grateful acknowledgment is made to the Bantmg Research Foundation 
for grants to two of the authors (C S Me A and DBM) The micro 
combustions were carried out by Mrs E Mason, to whom the authors ex- 
press their thanks 
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The manj studies on the action of temperature changes upon the cata- 
lase-H.O; sjstem have been reviewed by Zeile (25) Some workers have 
found that this reaction, like many other enzyme-catalyzed reactions, 
increases with temperature m accordance with the Arrhenius equation 
(c/ Sizer (16)) with correspondmg activation energies varymg from 2600 
to 6200 calones per gm molecule Others (c/ Wilhams (24)) have found 
that the activation energy changes both with temperature and pH, while 
Morgulis ct al (12) came to the conclusion that the optimum temperature 
for catalase action is at 2° instead of 40-50° as reported by others Above 
the optimum temperature the rate of catalase mactivation mcreases 
rapidly with temperature, and the correspondmg activation energies are 
between30,000and50,000calonespergm molecule Part of the difBculty 
m procurmg significant data on the effects of temperature on the catalase- 
HjOj system arises from the fact that, due to its strong oxidizmg power, 
HjOj IS a very toxic substance and rapidly mactivates the catalase To 
overcome this major difficulty m the present mvestigation very dilute 
peroxide solutions at optimum pH hav'e been employed, and manometnc 
data on oxygen evolution from peroxide durmg only the mitial few mmutes 
of the reaction have been used, durmg which tune the destruction of the 
enzyme by the dilute peroxide solution is almost neghgible Another diffi- 
culty has been that all previous workers have utrhzed impure enzyme prep- 
arations from a variety of sources, it seems possible that such rmpunties 
have exerted some mfluence on the kmetics of the reaction In this study 
use has been made of once recrystallized beef hver catalase The inactiva- 
tion of catalase by heat has been mvestigated both m the presence and 
absence of substrate 


Methods 

The catalase used m these experiments was prepared from beef hver and 
was once recrystalhzed accordmg to the method of Sumner and Dounce 
(21) A saturated solution of crystallme catalase was kept m the refnger- 
ator and for each senes of experiments a suitable dilution of the enzyme 
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was made Although several different preparations of crystalline catalase 
were made from hver, no important difference m their behavior was noticed 
The reaction was followed by measurmg oxygen evolution from H*0i inth 
a Warburg-Barcroft manometer, with a reaction vessel havmg a smgle side 


arm In the cup were placed 1 ml of suitably diluted catalase, 1 ml of 
0 03 M phosphate buffer, pH 6 9, and m the side arm, 1 ml of 0 03 u HjOi 
The compensatmg vessel contamed the same, but with water substituted 
for enzyme After 2 mmutes of shakmg (110 strokes per mmute) m the 
water bath (temperature control = ±0 02°) the stop-cocks were closed 
and the reaction initiated by tippmg the peroxide mt'o the buffered catalase 
solution Usually about ten readmgs were made on the manometers at 
each temperature at mtervals determmed by the speed of the reaction 
A fresh H-iOj solution was prepared for each senes of temperature studies 
run on a given day The peroxide solutions were checked by titration with 
permanganate and it w as found that the peroxide concentration did not 


change durmg the 8 hours of the experiment Prelunmary studies were 
performed m which the permanganate method of titratmg the resiQUM 
peroxide was used to indicate the course of the reaction This 
proved much less sensitive than the manometnc method and 
higher concentrations of catalase and peroxide, and was therefore not usw 
Prelunmary experiments indicated that the rate of destruction of Hi i 
mcreases with temperature up to about 53°, above which the rate decreases 
rapidly owing to the destruction of the catalase by heat For experimen 
purposes the temperature range was divided mto two portions which were 
studied separately (a) the range of 0-40° m W'hich the enzyme-cata yz 
reaction predominates, and (6) the range from 57-68° m which the des 
tion of the enzyme is the major reaction A given range of tempera ^ 
was studied on a single day with the same enzyme and peroxide so u i 
throughout Two different techniques were employed m the 
tion of the heat inactivation of catalase The far it technique is 
as that used at lower temperatures and rnvolve® adaptmg to 
for 2 mmutes before the peroxide is added In this method 
that used by Johnson et al (7) for luciferase) the observed 
effects represent a combination of the acceleration of the enz^e 
reaction with rise m temperature and the retardation of the 
of H 2 O 2 with rise m temperatuie due to mcreased enzyme after 

by the higher temperature In the second technique 1 m ° ^ m 

adjustment to temperature is added to 1 ml of enzyme so u ^ 
cubated at the desired temperature for 5 mmutes The so u 
cooled rapidly on ice, and the lesidual catalase activity e t^yi,ual'ray 
by addmg 1 ml of 0 03 m H 2 O 2 and following the reaction m tne 
Data on volumes of oxj gen evolved at different tempera ur 
verted to standard temperatuie before being analyzed 
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Resulls 

The temperature range from 2—10“ \\as investigated at 5“ mtervals m five 
different senes of experiments At each temperature, mcludmg those at 
i\hich inactivation of catalase occurs, the reaction follows zero order 
l-inetics for a bnef period Typical data are shown m Fig 1, where oxygen 
exolution is plotted against elapsed tmie m mmutes After 200 to 300 
cjnm of gas have been evolved, the plotted pomts fall off from the curve, 
suggestmg some destruction of the enzyme by the peroxide Most workers 
(c/ Sumner (20)) have considered this reaction monomolecular, but m the 



Fig 1 Oxygen evolution from an 0 01 M HjOj solution at pH 6 9 is plotted against 
elapsed tune in minutes The reaction catalyzed by a dilute solution of crystallme 
catalase is linear for a bnef period at each temperature 


data presented m Fig 1 the reaction is of zero order rather than mono- 
molecular The difference is probably related to the fact that m the present 
study different techmques and concentrations of reactants have been em- 
ployed and attention is focused on the very early part of the reaction, 
before any appreciable catalase mactivation has occurred 
The rate at each tempierature was calculated from the slopie of the straight 
line which best fitted the plotted pomts When log rate is plotted against 
the reciprocal of the absolute temperature (Fig 2), the data are best fitted 
by a straight Ime m the temperature range from 2-40“ The slope of the 
Ime corresponds to an activation energy* of 4200 calories per gm mole- 


* M in the Arrhenius equation, (1 — 46 
the absolute temperatures T, and Tj 


(logii — logti) 

a/r. -i/ro 


where 


ti 


and are rates at 
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cule Similar results were obtamed m the other senes of experiments 
At temperatures at which neither the enzyme-catalyzed reaction nor the 
destruction of the enzyme predommates, it was experunentally difficult 
to obtam quantitative data Above 55° the latter phenomenon predomi 
nates and the reaction agam can be followed quantitatively From Fig 
2 it IS apparent that the rate of peroxide decomposition by catalase de- 
creases sharply with rise m temperature above 55° owmg to the high tem 
perature coefficient for mactivation of the enzjune The heat inactivation 



yr>‘io» 

Fig 2 Log rate of decomposition of HjO (as measured by oxygen 
catalyzed by crystalline catalase is plotted against l/F The rate incre^es 
cordance with the Arrhenius equation (/» = 4200 ealones) up to about 
it decreases owing to heat inactivation of catalase, in accordance with the 
equation (a = 51,000 calories uncorrected) 


of catalase mcreases with temperature m accordance with the ^ ^ 

equation, the slope of the Ime m the graph corresponds to an 
activation energy of 51,000 calories Smce this value is the resu ^ 
the effects of temperature upon both the H^Orcatalase , ^200 

activation of the enzyme, the true value for the latter is 51, 


or 55,200 ealones , jjeat, 

In the second method of studymg the mactivation of ca 
the enzyme and buffer were meubated at a given temperature of 

and the residual activity determmed manometrically af er 
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minutes 

Fiq 3 The log rate of inactivation of catalase at pH 6 9 by heat at 62® is plotted 
against elapsed time The inactivation is monomolecular ^ = 0 215 (logio> 
minutes) 



a: 


o 

o 



W * 10’ 

Fig 4 Heat inactivation of catalase After 5 minutes incubation at pH 6 9 at 
each temperature the residual catalase activity is measured at 35“ by determining 
the rate of liberation of Oi from HjO The log rate is plotted against 1/T Below 
62 the activation energy for the heat destruction of catalase is 55,000 calories, 
above this temperature it is about 255,000 calories 

H 2 O 2 at 35° In studying the kinetics of inactivation of catalase we found 
that at a given temperature inactivation increases with mcubation tune, 
in accordance with the ununolecular equation (Fig 3) The inactivation 
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reaction as a function of temperature follows the Arrhenius equation up to 
about 62° (Fig 4) and is characterized by an activation energy of about 

55.000 calories, which is the same as the corrected value ohtamed by the 
first technique It should be pomted out, however, that HjOj, a strong 
oxidizmg agent, is present m the first technique but not m the other, but 
despite this the same activation energy for heat mactivation is obtamed 
by both methods m the temperature range below 62° Above 62° (studied 
only by the second method), however, the temperature effect abruptly 
changes (Fig 4) and from 62-68° the activation energy becomes about 

255.000 calones This value as well as the critical temperature vanes 
considerably from one experiment to the next and, oivmg to experimental 
difficulties, cannot be measured with any great certamty 

In some experiments, but not m all, the activity was somewhat higher 
after 5 mmutes incubation of enzyme and buffer at 57° than for the un 
heated control, when the activity of both was measured at 35° This 
“temperature activation” of the enzyme is probably due to the destruction 
of traces of catalase mhibitor which may have been present These results 
are consistent with reports that a catalase inhibitor, unstable at 40-60 , 
accompames catalase m blood, fat, and liver (1, 19) Neither this tem- 
perature activation at 57° nor the temperature inactivation of catalase 
at higher temperatures appears to be reversible 

The entropy change which characterizes the catalytic breakdown of HjOj 
by catalase can be calculated from the equation of Glasstone, Laidler, an 
Eyrmg (4) 


k 




^,-SIKT iS/K 

h ® ® 


where k is the velocity constant, k^ is the transmission coefficient whic ^ 
usuallj^ be assumed to be unity, K is Boltzmann’s constant, h is P c ® 
constant, E is the activation energy which m enzyme reactions is essen m y 
equal to p, AS is the entropy of activation, and the other symbols have e 
usual meanmg At 0° this equation reduces to 


A<, = 57 X 

where k^, the velocity constant at 0°, is calculated to the base e, 
pressed m seconds per mole of enzyme per hter The lo o 
beef liver catalase can be determmed from the “Kat / measu 
under standard conditions Some uncertamty exists 
tivity of crystaUme beef liver catalase, but smce Sumner an 
(23) were imable to demonstrate a Kat f greater than > 
permissible to accept this figure To calculate ko from c J * 

» “Kat / ” = K/{gm of enzyme per ml ), where A is the monomd 
constant for the breakdown of H Oi calculated with logic and mmu 
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sary to change from logio to log,, from mmutes to seconds, and from gm 
of catalase per nil to moles of catalase per liter 




■10,000 X 2 3 


GO X 


1000 

225,000 


3 1 X 10* liter mole"* sec "* 


where 225,000 is the molecular weight of catalase (20) From the above 
it IS clear that 1 molecule of catalase will catalyze the breakdoivn of 3 4 X 
10* molecules of HjOj per second This figure is to be compared ivith the 
estimate of ko of Stern (18) of 10*, and of Haldane* (6) of 5 4 X 10* liter 
mole~* sec Substitution of the calculated value of i-o m the equation 
leads to a value of A5 of 


34 X 10* ■=■ 57 X 10“ X X 

AS = —23 calonea per degree per mole 

The negative sign indicates a decrease m entropy or a decrease m ran- 
domness during the catalysis, this might be conceived of as related to the 
high degree of orientation between the catalase and HjOj, which may be 
required in the formation of the enzyme-substrate compound 


Table I 

Velocity Conilanl, Actuation Energy, and Entropy of Activation for Enzyme-Catalyzed 
Reaction and for Heat Inactivation of Enzyme 


Re^Uoa 

i 

1 


1 A5 

Action of catalase on pcrotide 

t tnd>Ig~f 1 

3 4 X 10^ 

diiones 

4,200 

-23 

Inactivation of catalase below 62° 

6 8 X 10-» 

55,000 

+90 

“ ■' “ above 62° 

2 4 X 10"” 

255,000 

+690 


In a similar manner the entropy of activation for the heat mactivation of 
catalase may be calculated for the two different types of mactivation 
encountered above and below 62° (c/ Fig 4) For both types the mono- 
molecular velocity constant at 62° is 0 215 (cf Fig 3), which, when con- 
verted to log, and seconds, becomes 8 25 X 10""* If this value is substi- 
tuted m the Arrhenius equation, it is found that fco = 6 8 X 10~** for heat 
mactivation below 62° and 2 4 X 10~** for heat mactivation above 62° 
If these values are used m the equation for AS, it is found that the cor- 
respondmg values of AS are -f 90 and +690 calories per degree per mole 
(see Table I) Such high values for the entropy of activation associated 

’ The latter Bgure was calculated from Zeile’s data and was based on the assump- 
tion that all the Fe present m the crude enzyme preparation was in the catalase 
molecule, and that each catalase molecule contains 1 Fe atom instead of 4 
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With heat inactivation of enzymes commonly characterize the heat de- 
naturation of proteins (16) and suggest a similar mechanism for the action 
of heat m the two phenomena 

From the data available from this study of temperature activation of 
the catalase-HjOs system, it is possible to calculate the rate of the reaction, 
assummg that HjOj decomposition results from activated collisions be- 
tween catalase and Ha02 molecules, by use of the methods of Haldane (6) 
and Moelwyn-Hughes (9-11) This calculated rate may then he com 
pared with the experimental rate if for the calculated rate the modified 
Arrhenius equation is used, 

K = 

where Z is the number of collisions and is the probabihty that a 
particular colhsion will have the necessary energy for reaction to occur 
In the first method of calculatmg the collision frequency, Z, the large 
catalase molecule is assumed to be a wall against which the H*Oi molecules 
collide Use is made of the evpression 

3 

Z = — UninsTff* 

where Z is the number of collisions per second per ml , if is the velocity 
(cm per second) of the HaOj molecule, rtiHj the numbers of HjOj and cata 
lase molecules, respectively per ml , and a is the diameter of the catalase 
molecule 


a 


/ 3gr 

T 



X 8 315 X ipr X 273 1 
34 01 


n, = 10-« X 6 02 X 10« =■ 6 X 10“ per ml 
nt = 1 72 X 10“ per ml (calculated from Kal f 


4 4 X W cm per sec 


40,000) 




=■ 8 03 X 10-» cm V, the volume of 1 catalaae molecule = 

225,000/dAr, where 225,000 la the molecular ‘f' 

Avogadro’s number, and d, the density of catalase, is 

Substitutmg these values m the foregomg equation leads^to^a 
of 2 1 X 10*’ collisions per ml per second Smce only e ^ second 
activated collisions, the number of activated collisions per ml 
= 21X1CF’X47X10~' = 99X 10« 


* This calculation of a- assumes the catalase molecule to be sphenca , 

18 not known One may also calculate o- from the empirical eqim ^ ^ 

Hughes, which has been found to be generally applicable ff “ uation leads ’ 
■where V* is the molecular volume in ml per mole Use of obtained by die 

value of 8 1 X 10^' cm for ir of catalaae, which is the same ae a 
method used above 
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The experimental value for the number of peroxide molecules destroyed 
per ml per second is obtamed by multiplymg the experimental mono- 
molecular velocity constant (which gives the fraction destroyed each 
second) by the number of peroxide molecules per ml 

Aim, 8CO “1 = 0 03S38 X mm ”* 

0 03338 X 0 0316 (cf (21)) 

= 1 21 X ICT* 

H»Oi molecules destroyed per ml per sec >=■ 1 21 X Id"* X 10“‘ X 6 02 X lO** 

= 7 3 X 10«‘ 

Activated colliaioas 9 9 X 10** i 4 v lo* 

Molecules destroyed 7 3 X 10*‘ 

From this calculation it appears that only 1 m 14,000 activated collisions 
between catalase and HjOi actually results m the decomposition of the 
peroxide 

Another method of calculatmg the rate is to make use of the gas col- 
lision formula m which Z, the total number of collisions between enzyme 
and substrate per ml per second, is 

Z = n.n, (srRT (j^r + 

where n* = number of molecules of H3O1 per ml = 6 02 X 10“* 
nj = “ “ catalase molecules “ “ = 1 72 X 10“* 

<ri = diameter of peroxide molecule = 6 X 10“* cm (15) 
aj = “ “ catalase “ = 8 X 10"’ “ * 

R =8 315 X 10' ergs per degree 
T = 273 1°, absolute 

2/1 = molecular weight of peroxide = 34 02 gm 
Ml = " “ “ catalase = 225,000 gm 

Z = 2 5 X 10^ collisions per ml per second The fraction of these with 
energy greater than 4200 calories is 4 7 X therefore the number of 
activated collisions = 1 16 X 10“ per ml per second 
The experimental rate of the reaction expressed m the same units is 7 3 
X 10’* per ml per second (see above) or 1 6 X 10^ times slower than the 
theoretical rate A comparison of the values of the experimental rate 
obtamed by considermg the catalase a stationary wall against which the 
small substrate molecules collide and by the method of considermg random 
coUisions between movmg enzyme and substrate molecules mdicates that 
essentially the same values are obtamed for the theoretical rate by both 
methods 


See the calculations above 
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DISCUSSION 

The activation energy of 4200 calones for the enzyme-catalyzed reactioa 
agrees well with the value obtamed by Nosaka (13) and is of the same order 
of magmtude as the several values reported by Wilhams (24) for different 
temperatures Except for tyrosinase (5) this value is the smallest actna 
tion energy reported (c/ (16)) and there is the possibdity that diffusion 
(characterized by a low activation energy) might be the limiting factor m 
the catalase-peroxide reaction Moelwyn-Hughes (10), hoiieier, con 
siders this possibihty unlikely m the bght of other properties of the catalase 
system 

The high value of 55,000 calories for heat inactivation of catalase is 
similar to the values reported previously (12, 14) and, together with the 
value of 255,000 calories, is m the range of values which characterize heat 
mactivation of enzymes and heat denaturation of proteins (c/ 16)) The 
high positive values of AS of -|-90 and -t-690 associated ivith the heat m- 
activation of catalase are similar to those obtamed for other enzymes and 
proteins (c/ (16)) and lend support to the concept that heat inactivation of 
catalase corresponds to the heat denaturation of the catalase molecule 
These high values suggest that m the activated complex new degrees of 
freedom become active and present the possibihty that enzyme uiactiva 
tion (denaturation) is essentially a dissoeiation process 

The value of —23 calones per degree per mole for the entropy of activation 
of the enzyme-catalyzed reaction is mterpreted as mdicatmg a loss m ran 
domness when the catalase combmes with peroxide to form an mtermediary 
compound and accounts for the fact that the measured rate is slower diM 
one would expect from merely considermg the activation energy 
value IS much lower than the average value of —59 calones for AS 
culated by Steam (17) from data m the older hterature, and is sunilar o 
the values recently reported by Butler (2) for certain crystaUme protea^ 
As Butler pomts out, these small negative values for AS are reasons y 
close to the range usually taken as representmg normal chemical reac 

If one, instead of usmg the viewpomt of statistical mechanics, adop 
collision hypothesis, it is clear from the calculations that the 
rate is 1 6 X 10‘ times slower than the theoretical rate ^ ^ ^ 
culations it is assumed that every activated collision between enz^e 
substrate will result m reaction, but it seems hkely that all p ® 
enzyme surface are not catalytically active Moelwym-Hug es 
the probabdity that a substrate molecule hits the enzyme on an 
spot be 
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where the numcrilor rcprctciits the area hwept out by a spherical substrate 
molecule and the denominator is the rele\ ant surface of the enzyme When 
the radii of catalase and of If Oj arc substituted m this formula, the prob- 
ability becomes 1 2 X 10”’ Since it is quite clear that the 4 Fe atoms m 
catalase arc intimatelj concerned with the catalytic action of catalase 
(18), the Fe might be considered the “active spot ” In this case the 
probability that the collision between enzyme and substrate wall mvolve an 
acti% e spot might be gu en by the i atio of the volume of the Fe atoms m the 
catalase to the \ olumc of tlie w hole catalase molecule This ratio is 5 2 
X 10“*, and is of the same order of magnitude as the probability obtained 
by Moelwyn-Hughes’ method When the theoretical rate calculated from 
the collision theory is multiplied by the probability that an activating 
collision w ill mvol\ e a catalytically active spot (composed of Fe?) on the 
catalase, the theoretical rate is only about GO times greater than the experi- 
mental rate Smee about 29 per cent of all collisions may mvolve an 
active spot which is alreadj' occupied by a peroxide molecule (6), this differ- 
ence is further reduced bj this correction to a factor of about 37 
It IS mstructuc to compare the rate at which catalase acts on HjOj mth 
the rate of other reactions mvolvmg heme protems Chance (3) reported 
an o\er-all rate for the pcroxidase-HiOrleucomalachite green system of 
3 0 X 10* liter mole"* sec "*, which is almost identical with the value of 
3 4 X 10* liter mole"* sec ~* found for the catalase-H.Oi system From 
calculations by Haldane’s method (6) (m which the Michaehs constant of 
0 025 ii IS used) the minimum rate at which catalase combmes withHiOj 
IS 4 75 X 10^ liter mole "* sec "* This compares closely with the rate of 
union of peroxidase with HjO: of 1 X 10’ liter mole"* sec “* (3) and of mus- 
cle hemoglobm rvith oxygen of 1 9 X 10’ liter mole"* sec "* (8) Such 
results mdicate a general similarity m the mechanism of reaction between 
heme proteins and small molecules 
It IS a pleasure to acknowledge the assistance of Dr Herbert Jaffe, who 
prepared the catalase, and Mr Andrew Peacock, who performed part of the 
manometric experiments 


SUMilARY 

The effects of temperature upon the crystalhne catalase-HiOi system 
have been studied over the temperature range from 2-68° Below the 
optimum temperature of about 53° the rate of the enzyme-catalyzed reac- 
tion increases with temperature, m accordance with the Arrhenius equa- 
tion , the activation energy is 4200 calories pei mole , the entropy of activa- 
tion is —23 calories per degree per mole 

Above the optimum temperatuie the enzyme-catalyzed reaction appears 
to decrease m rate with tempeiature, owmg to the sharp mcrease m rate of 
enzyme mactivation with temperature Catalase inactivation as a func- 
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tion of temperature between 57-68° has also been studied m the absence of 
substrate By either method the activation energy for the heat inactiva- 
tion of catalase below 62° is found to be 55,000 calories, and the entropy of 
activation is -1-90 calories Between 62-68° the correspondmg values are 
255,000 and -t-690 calories for the energy and entropy of activation, re- 
spectively, of heat inactivation of catalase Similanties are pointed out 
between heat inactivation of catalase and heat denaturation of proteins 

Theoretical rates of the enzyme-catalyzed reaction calculated on the 
assumption that catalase is a wall against which peroxide molecules colhde, 
or calculated on the assumption that the collision theory apphes, are about 
10* greater than the experimental rate Assumptions that activatmg 
collisions are effective only if they mvolve the active spot (Fe?) on the 
enzyme suggest that only 1 m 14,000 collisions is so onented as to mvolve 
the active spot on the enzyme Differences between theoretical and ex- 
perimental values for the rate of the reaction could be largely accounted 
for if it IS assumed that reaction results only from a properly onented, 
activated collision That a high degree of onentation is required for 
reaction is similarly mdicated by the high negative value for the entropy of 
activation 

Similarities are pomted out between the kmetics of heme proteins such 
as catalase, peroxidase, and muscle hemoglobm 
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In 1942 Wiesner (1) and Wakaman, Homing, and Spencer (2) demon- 
strated that filtrates from cultures of Aspergillus clavatus grown upon syn- 
thetic media possess antibiotic activity These mvestigators e\tracted 
and partially purified the actiic material (which was named clavacm by 
Waksman) but did not report its isolation m pure form As a result of the 
observations made by Waksman’s group, particularly those on the anti- 
biotic activity toward Gram-negative organisms, we became mterested m 
this antibiotic substance and undertook the mvestigations of it as part of 
our work under Contract OEMcnir-155 

In the latter part of last year, Raistrick et al (3) published a report on 
the isolation and characterization of patulm, an antibiotic substance pro- 
duced by Pentcilltum palulum Bamier and, furthermore, showed that the 
same compound is produced by P expansum (4) Subsequent to Rais- 
trick’s first report, Bergel el al (5) and Hooper et al (6) announced the 
isolation of a crystallme compound from Aspergillus clavatus which on the 
basis of the data submitted appears to be identical with patulm Further- 
more, Florey, Jennmgs, and Philpot (7) showed that the same compound is 
produced by A giganteus Wehm, and Bergel et al (5) and Cham, Florey, 
and Jennmgs (8) showed that the compound, claviformm, which the latter 
had previously isolated from P clavtforme m 1942 (9) is likewise identical 
with patulm Although we had isolated a crystallme antibiotic from A 
clavatus and prepared the semicarbazone, thiosemicarbazone, 2,4-dmitro- 
phenylhydrazone, and o\ime derivatives and a catalytic reduction product 

* The work described in this paper was done under a contract, recommended by 
the Committee on Medical Research, between the Office of Scientific Research and 
Development and St Louis University 
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before the appearance of Eaistnck’s paper on patulm (3), it is obvious that 
the portion of this paper dealing with the charactenzation of the com 
pound* can only be regarded as a confirmation of the earher reports and 
for that reason is given m an abbreviated form The other sections of thb 
paper deal with the method of production, isolation of crystalline claiacm, 
ultraviolet absoiption behavior, and studies on toxicity, all of which were 
conducted mdependently m this laboratory 
Progress of our work was impeded by the formation of a highly insoluble 
product differmg m composition from crystallme clavacm during the proc- 
ess of recrystallization Our analytical figures on the first crystallme 
product seemed to mdicate the formula CsHsOs for clavacm but the analj’sis 
of the derivatives agreed much better ivith the formula CiHsOi The 
determmation of molecular weight was difficult on account of the insolubil- 
ity of clavacm m reagents commonly used m this laboratory m the East 
procedure, but when finally accomplished with tribromophenol as sohent 
gave a result which mdicated the correct value to be CjHsOi, the formula 
ascnbed to patulm by Raistnck et al (3) 


Method of Production of Claiacnn 

In the production of clavacm by suitable cultures of Aspergillus clmalus 
Wiesner (1) employed the Czapek-Do\ medium, whereas Waksman (2) 
found the glucose-mtrate medium as modified by Clutterbuck et al (101 
to be satisfactory It contains NaNOj 3 0, KHiPOi 10> 

MgSO< VHjO 0 01, and glucose (c P ) 40 gm m 1 hter of tap water ® 
have found that the addition of 10 gm of Difco yeast extract or 2 ml o 
com steep hquor* per liter to the glucose-nitrate medium unproied t e 
yield ot active substance Under the conditions of our experiments t ® 
com steep hquor was more effective than the yeast extract and acco 
mgly we have routmely mcorporated the former m the culture medium 
The reaction of the sterihzed medium vaned between pH 4 0 an 
Glass bakmg dishes (12 X 7 5 X 2 mches) equipped with glass 
used as culture vessels About 600 ml of sterile medium were a 


each dish 


of 


The character of the moculum (Aspergillus clavalus) seemed to be on 

1 However, before discontinuing our work on the structure of clavaci^, 
Bidered it important to ascertain that our product is mdeed identic w 
Consequently, we prepared the phenylhydrazone and acetate, the lo “ ^ j sul- 

and in addition repeated the hydrolysis of clavacm with sodium hy ° 
func acid In each instance, our data agreed wnth the data ® jjie idea 
which together with the data already obtamed by us leave no dou a 
tity of our product and patulm fH,„mold 

» We are indebted to Dr S A Waksman for a stock strain of 

• We are indebted to Anheuser-Busch, Inc , for a supply of t 



K.\,TZMAS, HAIS, C\l\, VVN WYK, REITHEL, THAYEK, DOISY, 477 
0\BY, C\,RROLL, MUIR, JOVES, AND WADE 

tlie most critic il factora m t)ic development of an active culture fluid It 
has been our e\penence on several occasions that a stock culture routinely 
propagated m the laboratory may lose much of its previousb' manifested 
abilitv to produce the antibiotic substance Substrains originatmg from 
colonics which demonstrated ma\mial zones of mhibition on plates seeded 
vnth Escherichia coli or Staphylococcus aureus were found to be superior to 
the origmal stram m the production of clavacm Consequently, such 
artificially selected substrains weie employed m routme production 

The moculum consisted of a Rncl} div'ided suspension of a 7 day culture 
mat obviously containmg sporulatmg as well as vegetative elements of the 
plant In prelimmaiy evpenments it was found that greater yields were 
obtamed w'hen the moculum contamed these vegetative elements Tray 
cultures prepared in the manner described were meubated at 23-25° for 
periods \ arymg from 5 to 1 1 days and the cultures harvested w hen maMinal 
potency as determined by assay had developed 

^ssoy o/ Clavactn Samples 

The method used m testing for patency consisted of the determination 
of the smallest amount of the antibiotic substance w'hich would mhibit the 
multiplication of a 1 1000 dilution of a 24 hour nutrient broth culture of 
Eschenckta colt added to an equal volume of a culture medium contammg 
1 per cent peptone and 0 5 per cent sodium chloride Suitable serial dilu- 
tions of the dissolved sample w ere mcorporated m standard portions of the 
medium and m turn moculated with the diluted culture of Eschenckta colt 
These tubes, mcludmg suitable controls, were meubated at 37° for 18 
hours, and then inspected for visual evidence of bacterial growth Potency 
of the sample was recorded as the highest dilution of the substance which 
prevented growth under these conditions Accordmgly, our umt may be 
defined- as the minunal amount of material necessary to inhibit growth 
completely m 1 ml of the assay medium Check assays with a standard 
clavacm preparation carried out each day gave surpnsmgly consistent 
results 


Method of Preparation 

The culture medium was placed m the cold room as soon as it was har- 
vested because at 5° the activity is retamed for at least 2 weeks The 
chilled fluid, after filtration to remove suspended material, was poured 
on a column of nont which readily adsorbed the active prmcipie (1, 2) 
The pH of the medium usually varied between 5 5 and 6 0, which was 
found to be satisfactory for the adsorption The adsorbent used, nont A, 
20 to 50 mesh, which had been washed with dilute HCl and HjO and dned, 
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been found m some mstances that the extmction of the material in the 
mother liquor progressively mcreases, while that of the crystals decreases 
Perhaps these changes are in some way related to the insoluble product 
ivhich IS formed when clavacin is repeatedly recrystallized, or perhaps the 
antibiotic substance produced by the mold is a labile compound having a 

Table I 


1 % 

Antibiotic and El Cm Values of Successive Fractions Removed by CHChfrom 
Column of Permutil 

6 75 gm of crude clavacin containing 600,000 units adsorbed on i X 16 inch column 




i 

Solidi 1 

Units 

Icm 



Total 

j Per mg 

1 

ml 

35 

gm j 

1 5 

20,000 


318 

2 

35 

0 7 

38,000 


460 

3 

200 

1 8 

355,000 


860 

4 

200 

0 56 

135,000 


1450 

5 

150 

0 13 

27,000 

1 208 


6 

150 

0 07 

10,000 

143 

KhO 

Total 


4 76 

1 

585,000 




Table II 

Influence of Semicarbazone Formation on Biological Activity and Ultraviolet 
Absorption of Clavacin 

200 mg of clavacin dissolved in 10 ml of H 0, 0 75 gm of Na acetate and 0 5 


gm of seraicarbazide HCl added 


Tunc of 
reaction 

Treatment 

Btoossiy 

s’"" 

*lnn 

atlJWA 

0 

5 min 

35 “ 

80 “ 

26 brs 

None 

Room temperature 

Heated on water bath (red coloration) 

H H <1 44 

Room temperature 

units per Mg 

240 

160 

40 

8 

8 

916 

796 

338 

257 

108 


greater extmction coefficient which passes mto a more stable form 

the process of punfication analjsis 

Because of the tremendous advantages offered by 
m regard to accuracy, speed, and specificity, ve have used t 
m our work on this and other problems of a related charac 
of the irregular behavior of clavacm, ultraviolet absorption 
















K\TZM\N, lU-iS, C\IN, V\N WiK, UEITHEL, THAYER, DOIST, 481 
G\B\, CARROLL, MUIR, JONES, AND WADE 

in following the fractionation of the actne material This is illustrated 
m Table 1 which presents the data obtained from an e\periment m which 
cla\acin adsorbed on a permutit column was removed by washmg wuth 
chloroform This is also illustrated by the preparation of the semicar- 
bazone (Table II) m which the absorption began to decrease immediately 




Fio 1 Fio 2 

Fig 1 Absorption spectra Curve 1, clavacin, peak at 2760 A, 982, 

solvent 0 005 N alcoholic HCl Curve 2, clavacin, peak at 2760 A, 944, solvent 
alcohol Curve 3, tetrahydro clavacin, peak at 2660 A, 646, solvent alcohol 

Curve 4, clavacin, peak at 2940 A, 876, solvent 0 005 N alcoholic NaOH 
Fig 2 Absorption spectra Curve 1, clavacin oxime, peak at 2830 A, 

1020, solvent alcohol Curve 2, amorphous insoluble product from clavacin, peak at 
2800 A, F{^ 780, solvent 0 05 N aqueous NaOH Curve 3, clavacin, peak at 2760 
A, 944, solvent alcohol Curve 4, clavacin acetate, peak at 2760 A, F}^ 

746, solvent alcohol Curve 5, clavacin semicarbazone, peak at 3120 A, Fj^^^ 
837, solvent alcohol 

after the addition of the semicarbazide hydrochloride and sodium acetate 
to an aqueous solution of clavacin The decreased absorption was paral- 
leled by a dimmished antibacterial activity 

Figs 1 and 2 show the ultraviolet absorption of clavacm under different 
conditions and that of some of its derivatives The spectrum of an alco- 
holic solution of clavacm contammg 10 y per ml remains unchanged after 
the solution has stood at room temperature m daylight for 3 months, while 



482 


CLAVACINf 


that of an aqueous solution of sunilar strength indicates that the com 
pound has been almost completely destroyed 
Alhalme solutions of clavacm aie highly colored This color develops 
instantly upon the addition of alkah and disappears almost completely 
upon acidification There is a shift of the maxunum from X 2760 A to 
X 2940 A and an accompanying diminution of about 10 per cent in the 
extmction coefficient 


Chemistry of Clavacm 

In this section we have recorded our chemical findmgs upon clavacm 
nhich confirm the reports of Bergel et al (5) and Hooper el al (6) that 


Table III 


Analyses of Dematives of Clavacm 







Anaiyau per ceat 




Derivative 1 

M p 1 

(uacortected) ' 


Fou&d 



Calculated 



c 

H 

1 ^ 


C 

H 

N 

Senucarbazone* 

c 

Decomposed 

45 27 

j 

4 22, 

n 

C.H„0«N, 

45 50 

4 27 

19 71 

Oxime t 

155-136 

49 66 



CiHjOiN 


4 14 

8 23 

Phenylhydrazoaet 

146 

,63 47 

1 4 81 


CijHttOiNt 

,63 93 

4 94 

11 49 

Dimtrophenyl- 

hydrazonef 

Decomposed 

46 46 

i 

3 41 

|16 51 

i 

C»HioOrN4 


2 99 

16 75 

Acetatef 

115 


4 25 


C,H,0. 

55 18] 

III 



• Previously reported by Hooper el al (6) 
t Previously reported by Bergel et al (5) 

t Previously reported by Raistnck (3), Bergel (5), and Hooper (6) and t eu 
associates 


clavacm is identical tvith patulm which Raistnck el al (3) have identifie 
as anhydro-3-hydroxymethyIene-7-pyrone-2-carboxyhc acid The me tmg 
pomts and analyses of the derivatives of clavacm listed m Table HI con 
the observations that similar derivatives of clavacm and of patuhn are 
identical Of these derivatives it uas found that the acetate changes m o 
an insoluble form upon repeated recrystallization 

In agreement with the formation of a monoacetate, the determma 
hydroxyl groups by the method of Peterson and West (H) mdicn 
one hydroxyl group is present per mole of clavacm Treatment o c \ 
ivith 20 per cent nitric acid y lelds oxahc acid, with sodium hy o\i^ 
lodme iodoform is produced, a reaction knoivn to be given by 
Oxidation with ammoniacal silver oxide, hydrolysis wth su u 
or sodium hydroxide, and the reaction with hydriodic acid s oiv 
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beha\ior of clivacin the same as that found for patului by Raistnck 
cl al (3) Ihe lodo acid obtained b\ refluxing clavacin w ith concentrated 
hjdriodic acid has r melting point of 93-94° (uncorrected) and analysis 
ga\e C 28 41, H 3 85 per cent The calculated values for the 7 -keto-e- 
lodo-n-hexanoic acid obtained from patuhn by Raistiick are C 28 15, 
H 3 51 per cent 

In aqueous solution, each molecule of clavacin adds 2 molecules of hydro- 
gen m the presence of Adams’ platmum oxide cataljst The green color 
w Inch develops at first disappears durmg the course of the hydrogenation, 
which IS complete m 3 hours The colorless hydrogenated product, after 
high vacuum sublimation, crystallizes from ether in white needles which 
melt at 111 5-112° (uncorrected) and gives C 53 37, H 6 0 The calculated 
xalues for CiHioOi are C 53 16, H 6 32 
Although Raistnck (3) found that catalytic hydrogenation of patulm in 
ethanol with the Adams platmum oxide catalyst caused the uptake of 2 
molecules per molecule of patulm, our experience has been that 3 1 mole- 
cules of hydrogen are taken up per molecule of clavacm under these con- 
ditions The same color changes are observed as are found m the hydro- 
genation m aqueous solution and the product obtamed is a colorless oil 
We were unable to crystallize or to prepare derivatives of it Quantitative 
acetylation (11) indicated that no hydroxyl groups are present 

Mode of Acltoii of Claiacin 

The studies which we haxe made pertammg to the mode of action of this 
antibiotic appear to conform with the findmgs of other mvestigators 
Crjstallme clavacm is active agamst Gram-positive and Gram-negative 
bacteria, as has been reported bv Waksman et al (2) for less highly purified 
clavacm, by Cham, Florey, and Jennmgs (9) for claviformm, and by Rais- 
trick et al (3) for patulm Clav acm exhibits bactericidal or bacteriostatic 
effects, dependmg upon the concentration The crystallme material 
possesses considerable activity agamst the species of the fungi imperfecti 
tested, namely, Rhizopus mgneans, two strains of Moniha albicans, two 
strains of Saccharomyces cerevtsiae, and Sporotrichium schenkii In this 
connection, we found that clavacm is not automhibitmg, that is, it does not 
mterfere with the growth of Aspergillus clavatus w hen present m a concen- 
tration of 1 mg per ml of culture fluid Limited antifungal activity (spe- 
cies not stated) was reported by^ Waksman el al (2) for clavacm, while An- 
slow et al (4) found that patulm exerted a powerful mhibitory effect on the 
growdh of several species of Pythium mcludmg Pythium debaryanum 
Our experiments mdicate that the activity of clavacm is not dmimished 
by fresh human, horse, guinea pig, rat, and sheep sera when these are 
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present in the culture medium m a concentration of 10 per cent Likewise 
it IS not inhibited by stored samples of beef and hog sera On the other 
hand, it is completely (>90 per cent) mhibited by fresh rabbit serum 
This mhibitory action is destroyed by heatmg the serum to 56° for 30 
minutes or by standmg m the refrigerator for several days Raistnck 
et al (3) found that patuhn is not affected by human serum, while Cham 
et al (9) state that such treatment (type of serum not stated) partially 
mactivates claviformm Perhaps the explanation of this discrepancy 
hes m the nature of the sera used 

Toxtcily of Clavacin 

Although Waksman (2), Raistnck (3), and Cham (9) have observed the 
toxic nature of this antibiotic substance, we have attempted to obtam a 
more complete picture of its effects m the animal body From the study 
of a group of over 100 mice, weighmg 20 to 25 gm , it was determmed that 
0 2 mg of clavacm given subcutaneously causes the death of approximately 
50 per cent of the animals For a smaller senes of rats weighmg about 200 
gm , this effect was produced by approximately 5 0 mg Paramecia and 
tropical fish (guppies) are killed m dilutions of 1 1,000,000 and 1 100,000, 
respectively Clavacm acetate m benne oil mjected subcutaneously mto 
mice IS about one-half as toxic as clavacm under the same conditions 

In mice clavacm is most toxic (about 0 10 mg ) when given mtrapen- 
toneally, and least toxic (about 0 75 mg ) when given orally The mjec 
tion of 0 5 to 0 7 mg of clavacm by way of the tail vem was not lethal 
The rate of absorption of clavacm is very rapid, as both rats and mice 
manifest profound effects withm 5 mmutes followmg the subcutaneous 
“ mjection of an aqueous solution and mice show' signs of sickness m 10 or 
15 mmutes after the material is admmistered m oil 

The general reactions to clavacm are about the same m both mice an 
rats, but may be observed more easily m the latter Withm 5 mmu es 
after the injection of 5 mg rats become restless and show mcreased activi y, 
the breathmg is heavy and labored, and fluid runs from the eyes an nooe, 
causmg a repeated w ashmg reflex and shakmg of the head As time 
they become less active but contmue to be restless, changmg position 
quently, and shoivmg obvious signs of discomfort , 

Edema of the subcutaneous tissues over the thorax is quite P*^®® 
and at times extends to most of the subcutaneous tissues junjacic 
treated with the larger doses, fluid is found m the abdommal an 
cavities and edema of the lungs is so pronounced that at d^ nsider- 
longer float m 10 per cent formalm Histological sections s ow “ 
able edema, congestion of the capillaries, and infiltration y ^ jj^ggh 
In one extreme case the shde scarcely resembled lung tissues. 


lv.\TZM\N, ims, C\IN, \ VN \\\K, REITHEL, TH«EK, DOISV, 485 
G\B\, CVRUOLL, MUIU, JONES, \ND W\DE 

being filled ^\lth fluid and niun> leucocytes, but there was only a slight 
degree of hemorrhage 

At death the lungb and intestmc frequently are deep led, the hyperemia 
apparcntlj bemg caused parth by the concentration of the blood due to the 
edema and partly bv the dilatation of the capillaries While hemorrhage 
m li\ er and intestme is not observed and color changes m the liver are less 
apparent, nevertheless under the microscope the capillaries show consider- 
able congestion The edema and hyperemia mduced by the admmistra- 
tion of clavacm agree with the observations made by Raistrick el al (3) 
follow mg the mjection of patulm 

In rats treated with clavacm there is a marked suppression of urme for- 
mation Nine rats weighmg about 200 gm given subcutaneous mjections 
of 5 0 mg of clavacm voided little or no urme over periods up to about 15 
hours Durmg this time the administration of 25 ml of normal salme by 
stomach tube and mtrapentoneal injection enhanced the edema but did not 
promote the production of urme to any appreciable extent Control 
animals treated m the same way showed a marked mcrease m urmary ex- 
cretion \fter 24 hours the animals treated with clavacm and salme had 
voided only small quantities of urme, while the controls had excreted most 
of the fluid admmistered Sections of the kidney revealed only shght con- 
gestion of the capillaries, evident but not extensive degeneration of the 
tubules, and slight hemorrhage 

Follow mg the mjections, necrosis usually dev elops at the site of mjection, 
degenerative changes becommg apparent withm 24 hours In nuce, thick- 
enmg and hardenmg of the skm appear m 2 to 4 days, followed by open 
lesions m 4 to 6 days after the mjection When mtravenous injections are 
made m mice by way of the tail, some fluid is usually lost mto the sub- 
cutaneous tissues Edema and damage to the tail are apparent withm 24 
hours and the distal portion usualh drops off m a few days 

The mtravenous mjection of 25 mg of clavacm mto 7 kilo male dogs 
caused a transitory stoppmg of the heart, immediately followed by resump- 
tion at a markedly subnormal rate and then a gradual mcrease m heart 
rate and carotid blood pressure to a value above normal, simulatmg a 
typical vagal effect Changes m respiration mdicated a transient de- 
pression of the respiratory’’ center The gradual but contmual declme m 
carotid pressure follow’mg the mitial changes and the progressive mcrease 
m heart and respiratory rate together w ith the findmgs at autopsy mdicated 
that fluid was slow ly but contmually bemg lost from the circulatory system 

In a smiilar experiment the mjection of 10 mg of clavacm did not cause 
a change m the carotid blood pressure vvithm a period of 4 hours In our 
experiments with dogs w'e did not observe the mitial rise m blood pressure 
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which was found b> Cham, Florey, and Jennmgs (9) when patuhn was m 
jected intravenously into a cat anesthetized with chloralose 

SUMMARY 

Methods for the production, preparation, and purification of clavacm, 
an antibiotic substance produced by Aspergillus clavalus, are described 

Analytical data and the chemical and physical properties of the pure 
crystallme material and some of its derivatives are presented These find 
mgs confirm the identity of clavacm and patulm 

Clavacm is active agamst Gram-negative and Gram-positive bactena and 
fungi It IS mhibited by fresh rabbit serum but not by the sera of the 
other species tested 

A prelimmary toxicological study of this antibiotic substance has been 
made In our hands it appears that this substance is highly tovic in the 
animal organisms 

We are mdebted to the Theelm Fund admmistered by the Committee 
on Grants for Research of St Louis University for financial support, to 
Mr Francis A Jacobs for his assistance m conductmg the experiments on 
dogs, and to Mr Joseph Yglesias for his helpful assistance m the experi 
ments on fractionation and isolation of clavacm 
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One of the old criteria of the presence of an enzyme is its labdity toward 
heat It must not be forgotten, however, that some enzymes found to be 
inactive after bemg heated to temperatures approachmg 100° later recover 
an appreciable portion of their origmal activity on standmg at a lower 
temperature 

The reappearance of potential activity after heatmg has been studied on 
pepsmogen by Hemott (1) and on trypsm by Northrop (2) who apphed 
this property to the purification of the latter enzyme The relation of such 
behavior to protem denaturation is evident from the studies of Anson and 
Mirsky (3) on hemoglobm and the most general opmion today is that the 
return of activity observed upon coohng heated enzyme solutions is due 
to a reversion of the denatured enzyme protem to its native state Nu- 
merous less spectacular examples of such reversion may be cited Prob- 
ably the oldest and most extensive senes of these deals with peroxidase 

Peroxidase is today frequently used m mdustry as a test substance to 
determine whether or not vegetables have been heated sufficiently m 
blanchmg before dehydration Smee dehydration is a matter of time, it 
has been suggested (4) that reversion of the denatured enzyme might take 
place and so produce positive tests in material that would have been nega- 
tive if tested immediately More information on the behavior of peroxi- 
dase thus appears to be desirable 

The first recorded observation of the regeneration of peroxidase appears 
to be that of Woods (5) who m 1901 observed that the peroxidase of tobacco 
leaves reappeared some time after mactivation by heatmg Observations 
by Kulpsohn (6) on radishes (1908), by Deleano (7) on castor bean seed- 
hngs (1909), by Gramemtski (8) on an impure diastase preparation (1910), 
and by Biedermann and Jemakoff (9) on potato extracts led to similar 
findmgs In 1924 Gallagher (10) found that preparations of mangold 
peroxidase gave tests for aldehyde and iron and showed that some alde- 
hydes m the presence of iron gave rise to peroxidase-hke activity Accord- 

* Enzyme Research Laboratory Contribution No 93 This research was sup- 
ported in part by Bankhead-Jones funds Part of the report is from a thesis sub- 
mitted to Georgetown University by Sigmund Schwimmer in partial fulfilment of the 
requirements for the degree of Doctor of Philosophy 
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mg to Gallagher, heatmg peroxidase produces a 2 ymogen that contains 
aldehyde groups, and the regenerated enzyme is produced by the “catalytic 
action of iron ” 

Bach and Oparm (11) found that peroxidase regeneration did not occur 
m the absence of oxygen and confirmed the necessity for the presence of an 
iron compound The iron-containmg pigment which they concentrated 
was capable of imtiatmg regeneration m a heat-mactivated solution of the 
enzyme In the hght of later findmgs by Kuhn et al (12) on the constitu- 
tion of peroxidase, it is likely that this “breathmg pigment” was hematm 
Kuhkow and Babkowa (13) have suggested that regeneration is due to the 
elution of an adsorbed (and thereby heat-resistant) enzyme from the col- 
loidal matter present Pronm (14) and Bach and Wilensky (15) found 
the pH optimum for regeneration at neutrahty The latter workers used 
a highly purified enzyme prepared by ultrafiltration 

Older studies on enzyme action usually assume that only one enzime 
IS responsible for the generic reaction (peptide hydrolysis, oxygen hbera- 
tion, etc ) under observation Eventually a multipUcity of specifically 
actmg enzymes is found, each circumscribed m its action to a limited 
number of substrates capable of undergomg the genenc reaction Recently 
two distmct peroxidases have been isolated by Theorell (16) from horse- 
radish Each enzyme was sho\vn to consist of hematm groups attached 
to a specific protem Gjessmg and Sumner (17) have enlarged this work 
and have recently (18) described some of the divergent properties of milk- 
weed and horseradish peroxidases 

The present paper compares the activity of peroxidase in plant jmces 
from several sources by two well knowm methods It was found that 
enzyme preparations from various sources differ greatly m the ratio of 
power to oxidize pyrogallol and to oxidize iodide This ratio, althougn 
altered by purification, appears to be characteristic of the crude enzime 
from a given source It is not greatly changed when the activity of a 
heated preparation returns after coolmg Durmg such heatmg a precipi 
tate occurs m the system and may be centiifuged out The precipi a 
remains inactive after coolmg unless the supernatant liquid is agam mn 
wnth it, thereafter regeneration of the enzyme occurs m the mixture, o ^ 
up to 35 per cent of the origmal activity When the precipitate from ca^ 
bage ]uice is mixed with the supernatant from turnip juice, or vice ters^, 
it IS evident that the precipitate and not the liquid portion carries 
the characteristic that determmes the ratio m question 
the theory that peroxidase is broken down by’ heat mto an insolu e pm 
portion characteristic of the specificity’ and a soluble non-spec' 

On coolmg, these recombme to form peroxidase The m 

oxidase protems is obviously greater m behavior towards ea 
enzyme specificity 
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EXPERIMENTAL 

Preparation of Vegetable J utec — The vegetable was ground several tunes 
m a meat grinder, and the juice was squeezed out through cheese-cloth 
1 gni of a purified diatomaceous filter aid was added for each 100 ml of 
juice and the suspension was filtered after 10 mmutes through a Buchner 
funnel containing a layer of filter aid From both turnips and cabbage 
a clear yellow liquid was obtamed which proved to be stable under toluene 
for 2 months at G“ 

Tceliniquc for Regeneration — V 2 ml sample of clarified juice of known 
activity was pipetted mto each of si\ test-tubes (15 X 150 mm ) The 
tubes w ere then placed maw ater bath at the temperature and for the time 
desRed Thereafter they were put mto an ice-salt mixture, and stirred 
vigorously The contents of two such tubes were assayed at once, others, 
together w ith unheated controls, were kept at the regeneration temperature 
or otherwise treated accordmg to the conditions of the experiment The 
results are given as per cent of the original activity found after the treat- 
ment m question 

Determination of Peroxidase Delayed Oxidation of Hydrogen Iodide — 
This method is a modification of the one mtroduced by Jayle (19) and 
adapted for field use by Davis (20) WTien peroxidase is placed m a buf- 
fered solution contammg an excess of hydrogen iodide, starch, hydrogen 
peroxide, and a limited amount of some strong reduemg agent (thiosulfate, 
ascorbic acid, ferrocyanide, etc ), a blue color (“flash reaction") will occur 
after an mterval that depends upon the concentration of the peroxidase 

In the present experiments a dose of enzyme, always diluted to 9 ml , 
w as added to 40 ml of reaction mixture m a thermostat at 25° The molar 
concentrations of the constituents of the reaction muxture were as follows 
acetate buffer (pH 4 7) 0 02, NaaSjOj 0 001, KI 0 027 The concentration 
of boiled soluble starch m the mixture was 0 1 per cent After addition of 
the enzyme solution 1 ml of 0 9 per cent hydrogen peroxide solution was 
added to the mixture and the tmie inquired for the appearance of the blue 
color was measured 

1 unit of peroxidase activity* has been taken to be the amount of enzyme 
that will cause the liberation of l 2 (and therefore the appearance of the blue 
color) m 1 mmute under the stated conditions 

Pyrogallol^Oxidizing Activity — The method of Balls and Hale (21) was 

* For purposes of making a ratio of the activity shown by this method to that 
measured by the oxidation of pyrogallol, it is necessary to express the results in units 
Such units need only be numbers that are direotlj proportional to the quantity of 
enzyme, as determined under the conditions employed The simpler the derivation 
of such numbers the better thej are for this purpose It is not claimed that they will 
be found generally applicable 
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used For convenience 1 unit has been defined as the amount of eniyme 
that wdl oxidize, ivithin 1 minute under specified conditions of reaction, 
a quantity of pyrogallol (contamed m 25 ml of reaction mixture) equivalent 
to a decrease m titration of 1 ml of 0 01 n thiosulfate 

Results 

Effect of Time and Temperature of Heating — ^Table I shoivs the values 
for peroxidase (iodide method) found m the samples of turmp jmce heated 
at different temperatures and for various periods, then allowed to stand 
at 25° or at 6° to regenerate the enzyme Inactivation was of course more 

Table I 


Regeneration of Turnip Peroxidase 


Heating 

temperature 

Tune of beating 

1 

1 Per cent of original activity 

Immediately after | 
beating 

After 20 hrs : 

25 

incubabon U 

6* 

C 

Msn 





0 0 


100 

100 

70 

4 

61 

79 

71 


8 

55 


63 


12 

42 

65 

50 


60 

23 


27 

SO 

2 

45 

71 

57 


4 

35 

49 

40 


8 

30 

■^9 

36 

go 

1 0 

37 


50 


3 0 

8 

22 

12 

100 

0 5 

32 

74 

54 


1 0 

12 

44 



1 5 

4 

30 

15 


rapid when the enzyme was heated at the higher temperatures, but eezfiei 
inactivated by brief exposure at a high temperature reverted more com 
pletely to the active form on coolmg than did enzyme inactivated to 
same extent by a longer exposure at a low er temperature This effec 
illustrated further m an experiment m w'hich 0 2 ml of the juice was ea c 
to 105° for 30 seconds Immediately thereafter only 10 per cent o 
origmal activity remamed This mcreased to 65 per cent during s 
at 26° for 20 hours In this case the speed of mactivation was t e 
and the extent of regeneration the greatest observed m this senea ° ^ 

From the data of Table I it appears that the shorter the ti^ o e\ 
to heat has been, the greater is the portion of enZ3Tne 
generated The rate of destruction of the mactive enzyme y ^ 
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sumably slower than that of the actue enzyme It is evident that when 
the permanent inactivation of peroxidase is desired it is not sufiBcient to 
heat the material merely until an immediate test on the product is negative, 
for a negati%e test, especially when obtained after brief heatmg at a rela- 
ti\ely high temperature, may be followed after coolmg by the reappearance 
of the enzj'me 

Ejjccl of Tune and Temperature of Regeneration — In the same series of 
experiments (Table I), it may be seen that regeneration is not as complete 
at 6“ as at 25® Fig 1 shows further that the regeneration is a time reac- 
tion, completed under the conditions of the experiment m about 4 hours 



Fia 1 Regeneration of heat-inactivated peroxidase 


The results obtamed at the lower temperature of regeneration, mdicatmg 
that either equilibrium betw een native and denatured protem has not been 
reached or that the equilibrium is shifted away from regeneration of peroxi- 
dase, cannot be mterpreted merely as a reversal of denaturation, for lower- 
mg of the temperature should shift the equilibrium towards regeneration 
Behavior of Jmee on Heating — A shght precipitate which could be re- 
moved by centrifugmg was seen to form when either cabbage or turmp 
juice was heated Regeneration of the enzyme did not occur m the absence 
of this precipitate (Table II) When the system was cooled, the precipitate 

did not entirely dissolve, but all the regenerated activity was found m the 
supernatant Regeneration of enzyme did not occur if fresh unheated 
juice was used instead of the supernatant fraction of the heated juice Nor 
did it occur to any marked extent if a precipitate prepared by bnef heatmg 



492 


PEHOXIOASB BEGENEHATION 


was mixed with, a supernatant fraction prepared bj longer heating Fur- 
thermore, regeneration did not occur if the precipitate and supernatant 
were kept separate for about 5 hours and then recombined 
Ratio of Hydrogen Iodide to PyrogallolrOxidizing Activity — ^By the modified 
Jayle method and the Balls-Hale method used here tivo different types of 
peroxidase activity are measured, most probably two different enzymes, 
because the ratio of these activities may be varied by precipitation of the 
enzymes from the origmal juice with ammonium sulfate, but not by merely 
heatmg and coohng The ratio of these two activities vanes also with the 
source of the enzyme For example, barley extracts are relatively nch m 

Table II 

Regeneralion of PerOiidoae fiegutres Both Prectptiale and Supernalanl 

2 ml samples heated for 1 minute at 100°, incubated at 26° for 20 hours, anal)Eis 
by iodide method 


Treatment 

Percentol onguulacUnty 

Before 

incubation 

After 

incubation 



Whole turnip juice 

13 

51 

38 

Ppt alone 


3 


Supernatant alone 

12 5 

12 5 

0 

“ (removed after incubation) 


40 

-1 

Ppt incubated with unheatei juice 1 

103 

102 

“ (prepared as usual) incubated with supernatant 
prepared from juice heated 3 min 

Ppt (prepared as usual) incubated with supernatant 

7 

1 

15 

S 

8 

12 

prepared from juice heated 5 nun 

4 

Ppt and supernatant incubated separately for 5 hrs , 


IS 


recombined, and then incubated for another 20 hrs 

13 



the pyrogallol-oxidizmg factor, whereas cabbage juice is nch m ^ 
oxidizes hydrogen iodide Turnip juice is midway between (Ja e 
These ratios thus furnish a way of distinguishmg certam peroxidase pre 
rations from one another .. j (g 

It was found that turnip juice after being heated, and later a 
stand at a low er temperature, gave a value of 1 13 for the ratio o 
oxidizmg factor to the other m the regenerated enzyme mLxture ( 
Similarly, cabbage juice gax e a \alue of 0 75 When turmp ^ 
trifuged immediately after heating, and the precipitate was com 
the supernatant from similarly heated and centrifuged ca origind 

ratio between the two oxidizmg factors approximated that in 
turnip juice Cabbage precipitate and turmp supematan , o 
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hand, regenerated an enzyme contammg these factors m a ratio approxi- 
mated by that m cabbage juice 


TtBLE III 

/folio of Pyrogalloland Iodide Units Vanes for Different Material 


rUnl 

Preparation 

Ratio 

units of pyrogallol 
units of iodide 

Cabbage 

Undiluted clarified juice 

0 50 

Horseradish 

Crude protein fraction 

0 81 


Partly purified proteins 

1 2 

Turnip 

Undiluted clarified juice 

1 1 

Wheat 

Water extract of whole wheat 

2 2 

Barley 

“ gram 

2 6 


Proteins from water extract 

3 2 


Table IV 


Effect of Interchanging Precipitate and Supernatant Liquid from. Cabbage and Turnip 

Juice 

The activity of iodide and pyrogallol is expressed in units per ml 


Sample 

Treatment 

Activity 

iodide 

Activity 

pyrogallol 


Cabbage juice 

Before heatmg 

2 34 

1 25 

0 58 


After " 

0 23 

0 23 

1 00 


“ incubation 

0 97 

0 79 

0 81 


Activity regenerated 

0 74 

0 56 

0 75 

Tumip “ 

Before heating 

2 20 

2 34 

1 06 


After 

0 30 

0 24 

0 80 


“ incubation 

1 08 

1 08 

I 00 


Activity regenerated 

0 78 

0 84 

1 13 

“ ppt + cabbage 

Before incubation 

0 23 

0 26 

1 12 

supernatant 

After 

0 85 

0 96 

1 12 


Activity regenerated 

0 62 

0 70 

1 13 

Turnip supernatant + 

Before incubation 

0 30 

0 24 

0 80 

cabbage ppt 

After 

0 75 

0 56 

0 75 


Activity regenerated 

0 45 

0 32 

0 71 


DISCUSSION 

It IS evident that both the precipitate formed on heatmg and the liquid 
supernatant thereto contam factors essential for the reappearance of 
peroxidase The precipitate, however, carries with it the specific char- 
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acteristics of the enzyme that relate to the oxidation of P3Togallol or hydro- 
gen iodide 

The common concept of peroxidase as a conjugated protem contauuug 
a porphyrm group offers an adequate basis for explaimng the foregoing 
observations The simplest assumption appears to be that three general 
changes (probably related, however) occur when peroxidase is heated, 
namely, denaturation of the enzjrme protem, separation of the prosthetic 
group therefrom, and precipitation of the protem Denaturation is a 
logical assumption m view of Anson's findmg (22) that m the case of pro- 
teins of the hemoglobm type, m which the prosthetic group is firmly bound, 
this group can probably be separated only when the protem is denatured 
Precipitation of the enzyme protem is an observed fact, though it may be 
due to inherent insolubdity, or to adsorption on other protems precipitated 
by heat As no peroxidase whatever reappears m the supernatant frac- 
tion, it may be concluded that precipitation of the insoluble factor is prac 
tically complete 

The explanation of reactivation of the enzyme must take into account 
a reversal of all three changes, and there is thus no reason to suppose that 
the reappearance of the enzyme is dependent merely on the rate of reversion 
of the protem * 


summary 

The regeneration of peroxidase as a function of time and temperature 
was studied It w^as found that regeneration is largely a function of t e 
heatmg rate, has a positive temperature coefficient and is a tune reaction 
Factors that are essential for regeneration exist in both the precipi n 
formed upon heatmg and m the supernatant therefrom 

Evidence is given to show that vegetables contain more than one 
peroxidase The different peroxidases vary m them activities ton ards i ® 
and pyrogaUol An untreated vegetable juice may be characters 
the determmation of these activities The precipitate formed w en 
juice IS heated carries these characteristic properties with it 
Reappearance of the enzyme after heat treatment mvolves r^o 
insoluble component, recombmation with a soluble gfoup, an rev 


an 


of enzyme protein to its native state 
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THE CHEMISTRY OF THE LIPIDS OF TUBERCLE BACILLI 
LXVr CONCERNING THE STRUCTURE OF TUBERCULOSTEARIC ACID* 
By SIDNEY P VELICK 

{From the Department of Chemtatry, Yale Uniieraily, New Haven) 
(Rtccived for pubhcation, April 13, 1944) 

Tuberculostearic acid is the lowest member of the senes of branched 
cham fatty acids isolated by Anderson and coworkers from the lipids of the 
tubercle bacillus (1) Its probable structure, 10-methylsteanc acid, was 
advanced by Spielman on the basis of degradation studies and also from 
comparison of the purified acid with synthetic di-10-methylstearic acid 
(2) The natural and synthetic acids were shown to yield apparently 
identical crystallme derivatives but the meltmg pomts of the free acids were 
10° apart This discrepancy was attributed to the fact that tuberculo- 
steanc acid, m view of its biological origm, was probably optically active 
Although no optical activity could be observed, evidence was cited which 
mdicated that the specific rotation of a structure of this type might be 
sufficiently low to escape detection 

In the present commumcation the results of an x-ray diffraction study 
of the amides of tuberculostearic acid and dHO-methylsteanc acid are 
presented X-ray methods have proved of particular value m the study 
of the higher straight cham fatty acids from natural sources (3) There 
was reason for behevmg that if, as suggested, tuberculostearic acid were 
optically active its \-ray diffraction pattern would show certam shght 
differences from that of the racemic mixture The alternative explanation 
for the difference m the meltmg pomts of the synthetic acid and the natural 
product was that tuberculostearic acid might contam a small amount of 
isomenc impurity (such as 9-methylstearic acid) This eventuahty would 
likewise be expected to produce an observable effect on the x-ray diffraction 
pattern Authentic samples of the dHO-methylsteario acid and tuberculo- 
stearic acid were made available by Professor Anderson 

Powder photographs of tuberculostearic acid (m p 10°) taken at low' 
temperatures by Spiegel-Adolf and Henny contamed hues which could 
not be mdexed (4) but which appear to correspond to lateral spacmg of an 
extended cham For the present experiments the higher meltmg amides 
were selected for study These were prepared accordmg to Spielman s 
procedure (2) and were obtamed m the form of thm leaflets The method 

* The present report is part of a cooperative investigation on tuberculosis, it has 
been supported partly by funds provided by the Research Committee of the National 
Tuberculosis Association 
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of obtaining the diffraction photographs has been generally employed on 
the simpler long cham compounds Thm aggregates of the leaflets nere 
oriented by gentle pressure on 10 mm glass cover-shps X-ray reflections 
were obtamed from the crystal planes parallel to the oriented surface by 
oscillation at small grazmg angles in a beam of nickel-filtered copper 
radiation A cyhndrical camera of 51 2 mm radius and a 100 nun flat 
camera were employed They were checked by diffraction measurements 
of crystals of known structure The cyhndrical films were measured under 
magnification ivith a vermer device and the spacmgs calculated from 
the Bragg equation nX = 2d sm 0 The relative mtensities were esti 
mated by visual comparison 

Both substances gave a senes of sharp 001 reflections Under the ex 
perimental conditions the presence of homologous impurities m crystals of 
long cham compounds causes the higher order 001 reflections to vanish (3) 
The lattice defects resulting from isomeric rmpunties would be expected 
to have the same effect In view of the large number of reflection ordere 
observed it is unlikely that tuberculostearamide contains anv appreciable 
amount of homologous or positional isomeric impurity 

The (001) spacmg of dl-10-methylstearamide was 39 1 A and that of 
tuberculostearamide 37 8 A This difference persisted m samples recrystal- 
hzed from, dilute methanol and m preparations crystalhzed by slow coohng 
of the melt It therefore could not be due to an accidental choice of dif 
ferent polymorphic modifications The order of magnitude of the spacmgs 
indicates that the molecules crystallize m double layers m which the 
molecules are mclmed toward the (001) planes The difference m the 
spacmgs IS equivalent to a 5° to 7° difference m the angle of mclmation 

A slight but definite difference was hkeivise observed in the intensity 
distributions which are shown diagramatically m Fig 1, a and b It sho 
be observed that the mtensity relationships of the lou er orders are identica 
m the two diagrams but that a shght difference becomes apparent m e 
sixth and seventh orders The tenth and fourteenth orders are modera e y 
strong m both diagrams and the twelth, fifteenth, and sixteenth orders n ea 
Differences aie observable m the nmth, thirteenth, and seventeen! o e 

The mtensities of the OOf reflections from crystals of this type are gi' 
by the expression 

sm 20 J 

where /„ is the scatteimg factor of the wth atom, 2 „ is its 
the ordei of reflection, and 0 is the Bragg angle The contri u lo 
atom to the mtensity of the diffracted beam is given by a er 
27 rfz„) In the lov er orders this function is relatively insensi i 
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cliangcb m Thia means that the mtensities of the lower order reflections 
are determmed chiefly by the broader features of the molecular and crystal 
structure such as the general position of the branch but not its exact level 
\s the order I mcreascs, the cosme function becomes mcreasmgly sensitive 
to small changes m c, Accordmgly the lugher orders are influenced by 
slight coordinate shifts such as might exist between the optically active 
isomer and the dl muxture 

The agreement of the loiser order intensities mdicates that the side chams 
m tuberculostearamide and m df-10-methylstearamide occupy the same 
general position That a slight diflference m average position exists is 
mdicated by the discrepancies m the mtensities of the higher orders Smce 
it has been shoivn to be unlikely that appreciable amounts of isomenc 
impurity are present, the difference must be due as previously suggested 
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Flo 1 Diagram of intensity distnbution of OOf reflections (a) di-lO-methyleteara- 
mide, (6) tuberculostearamide, (c) calculated for 10 -methylstearamide 

to the optical activity of the natural product The physical basis of the 
coordinatp shift must be sought m the fact that the branch m the optically 
active compound projects from one side only of an asymmetric tilted cham, 
whereas m the racemic mixture it projects from either side The resultmg 
effect upon the packmg of the molecules in the crystal is revealed by the 
differences m the long spacmg 

The actual numerical evaluation of the mtensity equation is of particular 
importance m locatmg the position of branches m unknown structures 
It has been apphed ivith some success to the simpler case of the normal 
primary alcohols by Wilson and Ott (5) To determine its apphcabdity 
and limitations m the case of the fatty acids calculations were made for 
steanc acid and for 10-methylstearamide The problem was to find by 
trial a set of coordmates consistent with the molecular and crystal structure, 
which when substituted m the mtensity equation give an mtensitv distnbu- 
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tion Similar to the one obtained experimentally The procedure followed 
was similar to that employed by Wilson and Ott (5) 

2 molecules m adjacent layers are ahoivn m general position in Fig 2, i 
The coordmates z„ are the projections of the atomic centers upon a line 
normal to the (001) planes, one of these planes bemg taken as origin It 
can be seen that the coordinates are functions of the degree of rotation of 
the tilted zigzag cham about its long axis and also of the distances separating 
adjacent layers of molecules The coordmates found by trial to give an 
approximately correct relative mtensity distribution are mcluded m the 



Fig 2 (A) tilted moleoulea (shortened) in general position showing general 
relation of molecules in the double layer and the projection of the atomic centers 
The shaded circles are o\ygen atoms (B) a carbon chain tilted at the same angle 
as in (A) but rotated about its axis, showing altered projection of atomic centers 
and the projection of a methyl side chain (broken Ime) (C) a carbon chain rotated 
in the second extreme position, showing evenly spaced projections of the carbon 
atoms Two possible projections of a methyl branch, corresponding to d and 
isomers are show n 

followmg workmg form of the mtensity equation They are expressed as 
fractions of the (001) spacmg 


/«! = if 

4- cos 
4- cos 2rl 
4- cos 2»i 
4- cos 2irl 


1 +_C08» 2e ^ 0 0522 

am 20 

0 0783 4- cos 2irf 0 1044 4- cos 2x1 0 1305 4- cos 2x1 

0 1827 4 cos 2x1 0 2088 + cos 2x1 0 2349 + cos 2x1 

0 2871 + cos 2x1 0 3132 4- cos 2x1 0 3393 4 cos 2x1 

0 3915 4- cos 2x1 04176 4- cos 2x1 0 4437) 


01566 
0 2810 
03654 


4- 14(cos 2x1 0 4698) 4- 9(co3 2x1 0 49U)P 

The calculated and observed mtensities are shoivn diagramaticaUy m 
Aside from small quantitative differences the agreement ol t e pa 
IS good through the eighteenth order It should be noted t a 
phfied treatment does not account for the fact that for 
alternate molecules may be rotated m opposite directions i® 
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carbo\yl groups, which may be rotated mdependently of the rest of the 
chain, may ha\c a shghtly different orientation from that mdicated 
The abo\e coordmatcs must therefore be considered to represent average 
positions of atomic layers 

When an additional term (9 cos 2tI 0 2349) correspondmg to a secondary 
methyl group at the lo\ el of the 10th carbon atom is mtroduced mto the 
summation, a new mtensity distribution is obtamed The new distribu- 
tion is shown in Fig l,c There 13 seen to be a quahtative agreement with 
the 001 mtensity distribution of tuberculostearamide through the tenth 
order The agreement is sufficient to show that the arrangement of the 
molecules m the tuberculostearamide crystal is very similar to the arrange- 
ment m the stearic acid crystal, and provides mdependent proof of struc- 
ture 


a I I I I • 


fa I I I I • I • • I I I I 


I 234 SCTO^OIIE faUISItlTiei? 


Fig 3 Relative intensities of the OOf reflections from steanc acid crystals (o) 
calculated, (5) observed 


Because of the number of variables and the approximate nature of the 
calculations and mtensity measurements a further refinement of the 
coordinates to account quantitatively for the differences between tuber- 
culostearamide and di-lO-methylstearamide did not seem warranted The 
possibihty of applymg a similar treatment to other isomenc methylstearie 
acids wdl be discussed m a subsequent report 


SUSBIARY 

1 The (001) crystal spacmg of tuberculostearamide is 37 8 A and of dl- 
lO-methylstearanude 39 1 A 

2 The mtensity distributions of the OOi reflections of the two compounds 
show differences m the higher orders 

3 The observed differences are consistent with the hypothesis that 
tuberculostearic acid, although shoivmg no detectable optical rotation, 
IS optically active 

4 Calculation of the 001 mtensities from model structures mdicates that 
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stearic acid and tuberculostearamide molecules have s imilar orientations 
m the crystal 

5 The results support the structure d- or HO-methylstearic acid pro- 
posed for tuberculostearic acid 

Much of the x-ray equipment used m the present work was made avail- 
able through the generosity of Dr George Switzer of the Department of 
Geology and Dr Charlton Cooksey of the Department of Physics of 
Yale Umversity 
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THE ACTION OF /3-VMYLASE ON CORN GLYCOGEN* 

Sirs 

la the original work* on corn gl> cogen, one of the criteria used for its 
identification was the rate of its destruction by mait amylase No de- 
termination was made of the extent of this destruction when it was allowed 
to go as far as possible Meyer and Press' have reported that by long 
continued action of /9-amylase glycogen is about 45 per cent broken down, 
whereas starches are more strongly attacked, the destruction being 60 to 
70 per cent for whole starches and 100 per cent for /3-amylose 

In the light of this work, the extent of enzymatic destruction of corn 
glycogen’ is bcmg studied The enzyme used is /9-amylase piepared from 
wheat by the method of Ballon and Luck ’ Under conditions similar to 
those of Meyer, corn glycogen was only about 20 per cent destroyed, where- 
as m the same experiments the destruction of rabbit liver glycogen was 45 
per cent, and of potato and coin-starches 62 and 70 per cent respectively 
These results, interpreted in terms of Meyer’s theories, imply that the 
com glycogen has a more highly branched stmcture than has animal 
glycogen Thus a series might be set up, of increasmgly branched struc- 
ture, ^-amylose (with no branching), then amylopectin, animal glycogen, 
and corn glycogen 

The Putney School Daniel Luzon Morris 

Putney 
Vermont 

Receued for publication, May 31, 19-14 

* This work was aided by a grant from Mead Johnson and Companj 
’ Morris, D L , and Morns, C T , / Biol Chem , 130, 535 (1939) 

’ Meyer, K H , and Press, J , Helv chim acta, 24, 58 (1941) 

’ The name “phytoglycogen” suggested by Sumner and Somers (Sumner, J B , 
and Somers, G F , Arch Biochem , 4, 7 (1944)) seems uncessary It is not vet clear 
that com glj cogen differs from liver glycogen, let us say, any more than the latter 
does from oyster or yeast glycogen 

* Ballou, G A , and Luck, J M , / Biol Chem , 139, 233 (1941) 


503 



PROTEOLYTIC INHIBITING SUBSTANCE IN THE EXTRACT 
FROM UNIIEATED SOY MEAL 


Sns 

In studies upon the utilization of miheatcd soy beans by the chick, ex- 
tracts made with dilute acid it pH J 2 (the isoelectiic point of most soy 
bean proteins') ivere found to cont im i substance which greatly retarded 
the activity of trypsin in vitro 

These extracts could be quite largely deprotemized by precipitation by 
kaolm without loss of actix ity of the proteolytic inhibitor The substance 
could be further purified by precipitation of the supernatant liquid from 
the kaohn-trcated extract with CO per cent acetone and reextraction of this 
precipitate wth water Most of the proteolytic inhibition was destroyed, 
however, by precipitation of the fcaolin-treated extract with 60 per cent 
ethyl alcohol Likewise no inhibiting activity was found m the extracts 
from raw soy bean flake previously soaked m 15 per cent alcohol 



Fio 1 Effect of treated extracts of uncooked soy bean meal upon tryptic diges 
tioQ Curve A, untreated dilute acid (pH 4 2) extract, Curve B, kaolin treated 
dilute acid extract, Curve C, extract from acetone precipitate of dilute acid extract, 
Curve D, dialyzed, kaolin-treated ddute acid extract, Curve E, autoclaved dilute 
acid extract (not deprotemized) , Curve F, no extract 


When 5 ml of the dilute acid (pH 4 2) extract from uncooked soy beans 
or of the water extract of the acetone precipitate from the extract were 
added to a digestion mixture consistmg of 50 ml of 5 per cent soluble casern 
and 0 12 gm of Armour’s trypsm (1 50), the proteolytic action over an 8 
hour period was mhibited, as shoivn in Fig 1 The digestions were earned 

' Circle, S J , Tbesia, University of Chicago (1941) 
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out at pH 8 0 and 37° The hydrolysis was followed by means of the 
formol titration 

Activity of the proteolytic inhibitor was lost upon dialysis of the extracts 
and was destroyed by autoclaving either the soy bean meal or the extracts 
Evidence thus far mdicates that the inhibitoi secured by the precipita 
tion Mith acetone and reextraction with water is quite unstable under or- 
dmary conditions 

Previous xvork at the Nebraska Experiment Statien, soon to be published, 
has shown that a factor causing growth retardation m chicks can be ex 
tracted from unheated soy beans with dilute acid (pH 4 2), leavmg a residu" 
xvhich compares favorably in nutritive value with heated or autoclaved 
beans The similarity in properties of the grow th-retardmg factor and the 
proteolytic mhibitor indicates that the two may be identical Conclusive 
proof, however, has not been obtamed with feedmg trials, owmg probably 
to the mstability of the partially punfied mhibitor used m the tests 

Department of Agnctdlural Chemistry Wendell E Ham 

Nebraskc Agricultural Experiment Station R M Sandstedt 

Lincoln 

Received for publication, June 3, 1944 



THE STRUCTURE OF A NEW -METABOLIC DERIVATIVE OF 

QUININE* 

Br J UinS ML VD vnd J B KOEPFLI 

(From the Gates and Crclhn Laboratories of Chemistry, \ California Institute of 
Technology, Pasadena) 


(Rccencd for |)ubIication, March 13, 1944) 


The isolation and crystallization of a product obtained by the tn vitro 
action of rabbit liver on quinine (I) have recently been described by 
Kelsey, Ceding, Oldliam, and Dearborn (1) The work reported here was 
undertaken with the object of obtaining information, as rapidly as possible, 
as to the possible structure of this product, wluch might prove useful m 
other malarial mv estigations Tims no attempt has been made to obtam 
or present a rigid proof of structure of the metabohe product, which, for 
conv'emence, wall be referred to as QDP (qumme-denved product) Evi- 
dence wdl be presented which suggests that QDP is levorotatory 2'- 
hjdro\y-6'-nietho\y-3-vmylruban-9-ol (II), according to the notation 
mtroduced by Rabe (2) 


CH 



a) R = H 
(II) R = OH 


EXPEBIIIENTAL 

QDP IS soluble m the alcohols, slightly soluble m acetone, ether, or 
chloroform, and insoluble m water and the hydrocarbon solvents It 
exhibits a dark blue fluorescence in all its solutions and m contrast to 
qumme the fluorescence is not depressed by chloride ion 
QDP m chloroform solution was adsorbed on a column of calcium 
carbonate (Merck, heavy powder) and the chromatogram developed with 
chloroform contammg 2 per cent ethanol In ultraviolet light only a single 
fluoresemg zone appeared on the column, which durmg further develop- 

* This w ork was done under a contract, reconunended by the Conmuttee on Medi- 
cal Research, between the Office of Scientific Hesearch and Development and the 
California Institute of Technology 
t Contribution No 958 
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ment migrated slowly, without differentiation, into the chromatographic 
filtrate 

QDP crystalhzes in long colorless needles ^hen its methanol solution is 
diluted with water almost to the pomt of precipitation and is then allowed 
to stand in a desiccator over calcium chlonde In the meltmg block, the 
crystals show a distmct change in crystal structure at 150° (1), finally melt- 
mg to a clear dark brown hquid at 247 5-248 5° (corrected) The chemical 
properties appeared unchanged by beatmg at 160“ for several hours QDP 
IS optically active, a solution of 0 0165 gm m 2 ml of ethanol m a 2 dm 
tube bavmg a rotation of —0 54“, [a]“ = —65 5° ± 0 5“ 

QDP IS soluble in dilute mmeral acids, from which it can be precipitated 
by dilute NHiOH It is insoluble m NHiOH or m N alkah hydroudes 
but dissolves quite slowly, even on heatmg, m 2 to 3 N aqueous NaOH or 
KOH When a suspension of QDP m 6 N NaOH or KOH is wanned, an 
insoluble oil is formed, which on dilution of the alkah to about 3 N readily 
dissolves QDP cannot be extracted from a 3 n NaOH solution mth a 
mixture of ether and butanol, but may be recovered unchanged, even after 
prolonged boilmg, by acidification with dilute acid and neutralization of 
the acid solution with NH*OH 

Despite this apparent acidity, QDP does not appear to have a titratable 
acid group and it does not react with diazomethane or give a color reaction 
with feme chloride 

Analyses of QDP — sample of QDP was punfied for analysis by re- 
peated recrystallization from methanol and water The final sample naa 
dned at 110“ zn vacuo but proved to be somewhat hygroscopic after drying 
The mdividual samples were therefore dried to a constant weight an 
weighed separately m a closed system for analysis 


CmHmOjNs Calculated C 70 66, H 7 11, N 8 23, MeO 9 11 

340 4 Found “ 70 28, “ T 16, “ 8 51, “ 9 08 

« « 70 41, “ 7 01, “ 8 53, " 9 06 

“ » 70 40, “ 7 09, “ 8 32, " 9 OS 


Molecular weight detennmations by the Hast method 
factory, the QDP sample darkened somewhat m the camphor me 
The results oh tamed vaned between 475 and 532 _ 

PoienUomeinc Titration — 50 ml of a 90 per cent ethanol so u 
tammg 4 4 X 10~* mole of qumme and 50 ml of a 90 per j, 

solution contammg 4 3 X lO'"* mole of QDP were titrated wt 

HCl The pH measurements were made wuth a Beckman p 

each addition of 1 to 2 ml of acid The graphical pomt ^^om ® ^ 
against the volume of acid added which corresponded to “ 
tion of the first basic group was taken as the ionization co 
this pomt for both qumme and QDP was pH 7 45 
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U the calculated half neutiabzation pomt of the second basic group of 
quuune, 14 15 ml of acid had been added and the observed pH was 4 27 
Vt the same point for QDP, 13 85 ml of acid had been added and the pH 
n as 2 SO In the calculation of the constant Kt, for the second basic group 



Flo 1 Potentiometno titration curves of n quinme-denved product and quinine 

of qumme or QDP, a correction was applied for the error due to hydrolysis 
b> the use of the follow mg equation 


Ki 


K. 


- 


(H+)„ C 


+ (H+)„ 


wheie Kb is the basic dissociation constant, C is the total concentration of 
the base at the half neutrahzation pomt, and (H+)m is the observed hydro- 
gen ion activity at that pomt Pflien the effect of ethanol is disregarded, 
the calculated dissociation constants at 25° are as follows qumme, Kb^ = 
2 8 X 10~^ (82 per cent ethanol), Kb^ — 1 8 X 10“'“ (70 per cent ethanol), 
QDP, Kb^ = 2 8 X 10“’ (82 per cent ethanol), Kb^ = 2 3 X 10“'“ (70 per 
cent ethanol) The titration curves are given m Fig 1 
Absorption Spectra — The absorption curves of qumme, QDP, and 2- 
hj dro\y-6-methoxy-4-metbylqumohne‘ (6-methovy-4-methylcarbost3Tnl) 
weie mvestigated with a Beckman quartz spectrophotometer m 0 0002 m 


' Prepared by Mr Alf Reims, compare Ainley and King (3) 
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ethanol solutions fiom 250 to 380 xn/i The hydrogen lamp was used to 
320 mu and a filter added to 380 mn The latter \alues were checked 
with a tungsten lamp 

With a cell thickness of 1 cm and at a temperature of about 26°, qumme 
shon ed maxima at 279 and 333 and minima at 225 and 301 m/j Under 

the same experimental conditions, QDP shon ed a maximum at 352 
and a nunimum at 297 mu, compared with a maximum of 350 and a 
mmimum of 294: m/i for 2-hydroxy-6-methoxy-4-methylqmnobne For 
purposes of comparison the three cuives are plotted m Fig 2 

Hydrogenation of QDP — At 22° and 741 mm , an ethanol solution con- 
tainmg Adams’ catalyst and 9 021 mg of QDP absorbed 0 667 ml of 



Pig 2 Absorption spectra of quinine (Curve A) , a quinine derived product (Cuivfl 
B), and 2-hydro\y-6-inethoxy-4-methylquinohne (Curve C) 

hydrogen ^ Assummg one olefimc Imkage to have been hydrogenated, the 
molecular weight of QDP is calculated from this to be 336 

Ozomzaiion of QDP — suspension of 0 2828 gm of QD? 20 o 
puiified chlorofoim at 0° was treated ivith a stream of 5 to 6 per cen 
at 100 ml pel mmute for 4 houis (4) The chlorofoim was evapora e 
room temperature and the colorless lesidue was warmed with ^ 
water on the watei bath for 1 hour 20 ml of this solution were 
into 5 ml of ice water and then treated wath 0 28 gm of me on ^ 
the mixture was warmed for 5 mmutes on the water bath, a 
appeared which, after filtration and reciystallization from et 
at 188-190° (corrected) and gave a mixed meltmg pomt o 

* The authors are indebted to Dr G Oppenheimer for carrying out this 
tion 
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(corrected) mth a Lnown sample of formaldehyde dimedon The recrys- 
tallized product weighed 0 0384 gm or 16 per cent of the theory Qumme, 
under the same conditions, gave a corresponchng amount of formaldehyde 
dimedon 

Rcaclwn with Methyl Iodide — ^An excess of methyl iodide was added to a 
solution consistmg of 0 3 gm of QDP which had been dissolved m 5 ml of 
chloroform with the aid of a httle methanol After the solution was 
warmed, a heavy precipitate appeared which was filtered off, washed with 
ehloroform, and dried to yield 0 42 gm of crystallme sohd -This was 
recrystalhzed from ethanol to give colorless needles, m p 276-277° (with 
decomposition, corrected) 

CuH,,OtN,r Calculated C 52 28, H 5 64, N 5 81, 1 26 31, MeO 6 4 
482 4 Found “ 52 21. “ 5 63, “ 6 52, “26 37, “67 

This would mdicate that QDP forms a monomethiodide which dissolves 
m dilute rmneral acids and m bases, mcludmg NH4OH 
When the reaction of QDP with methyl iodide was carried out m a sealed 
tube with methanohc KOH, a product could not be isolated If a sample 
of the methiodide was refluxed m methanol with methyl iodide, the solu- 
tion became acidic and the sohd went mto solution A defimte com- 
pound could not be isolated from this reaction mixture 
Reaclxon vnih Benzenesulfonyl Chloride — 0 3 gm of QDP was suspended 
m 3 ml of 6 N KOH and warmed on the water bath, an oil formed which 
dissolved on dilution with 10 ml of water To this solution there was 
added 0 3 ml of benzenesulfonyl chloride, the mixture was shaken for 1 
hour, and an additional 0 1 ml of benzenesulfonyl chloride was added 
After another hour of shakmg and stirrmg the mixture was warmed to 
decompose excess acid chlonde An oily precipitate, which had gradually 
formed and then solidified, was filtered off, washed ivith water, and dned 
After one crystalhzation from ethanol and two from water the product 
melted at 17ff-180°, but still con tamed ash and gave a flame test for 
potassium It was therefore recrystalhzed from water with the addition 
of a drop of HCl just at the pomt of crystallization After three more 
crystalhzations from water, long sheaves of colorless needles were obtamed, 
m p 180-181° (corrected) A sample for analysis was unchanged after 
heatmg for 15 hours at 140° tn vacuo 

C„H„0„N,S, Calculated C 59 36, H 5 84, N 4 78, S 8 20, MeO 5 29 
1173 3 Found “ 59 44, “ 5 83, “ 4 78, “ 8 22, “5 35 

This compound is soluble m ethanol and hot water and insoluble m 
hydrocarbon solvents The possibihtj that it is a salt of benzenesulfomc 
acid IS excluded by the findmg that QDP can be recoveied unchanged from 
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a solution containing a corresponding amount of benzenesulfonic acid 
It IS insoluble m dilute bases and slowly soluble in dilute mineral acids, 
from the latter solution, after 2 hours refluxmg, QDP was recovered by 
neutrahzation mth NH 4 OH 

Miscellaneous Reactions of QDP — ^VVhen heated for 3 hours m a sealed 
tube ivith water at 150°, or with 2 n HCl at 150°, QDP dissolved but was 
recovered unchanged on coohng or on neutralization of the acid solution 
Moi cover it was recovered unchanged after refluxmg 45 hours with dilute 
acetic acid (compare von Miller and Rohde (5)) 

QDP did not react with p-mtrophenylhydrazme, 2,4-dimtrophenyl- 
hydrazme, oi hydroxylamme and was recovered unchanged from its 
absolute ethanohc sodium ethylate solution through which methyl mtnte 
had been passed (compaie (5)) 

With mtrous acid m dilute HCl, QDP gave a precipitate which gave the 
diphenylamme test and the Liebermann phenol test for mtrosammes 
With mtrous acid m acetic acid solution it gave a deep yellow color With 
ceiic mtrate reagent QDP gave a deep red color, this color is given by 
carbostyril ( 2 -hydioxyqumolme) but not by quimne 
In chloroform-methanol solution QDP took up bromme rapidly, fonnmg 


a yellow precipitate which melted at about 280° 

Unsuccessful attempts were made to obtam a recognizable fragment of 
the QDP molecule after oxidation with a number of agents and under 
a variety of conditions Thus, no qumimc acid could be obtamed after 


oxidation with chromic acid, although parallel expe'-iments with quinine 
led to the isolation of good yields of qumimc acid ( 6 ) In the case of the 
oxidation of QDP with dilute HNOj a crystalhne product was obtained 
which proved to be a mtrate This compound on treatment with ddute 
NH 4 OH gave a red crystallme material which did not melt below 300 
Prehmmary analyses of this compound mdicated that degradation ® 
QDP molecule had not been effected, therefore further attempts at oxi a 


tion -with HNO3 were abandoned 


DISCUSSION 

The foUowmg discussion summarizes the experunental evidence and the 
reasons for assignmg the structure (II) to QDP , 

The homogeneity of QDP is evidenced by its constant 
meltmg pomt after successive crystalhzations and by its behavior ' 
chromatographed . 

The analyses aie m excellent agreement for an empirical 
tammg 1 more oxygen atom than that of qumme It w'as there ore 
that no deep seated structural change had taken place m e 
molecule 
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■Vlthough a direct; molecular weight determmation of QDP proved 
unsatisfactory, there is no evidence to suggest that the molecular weight is 
other than 310 1, as calculated from the simple empirical formula 
C*aH-tOjNi On the contrary, the titration curve for QDP (Fig 1) is not 
consistent ivith a double molecule Secondly, ozonolysis indicated the 
presence of an expected vmyl group and quantitative hydrogenation con- 
firmed an ahphatic double bond , from the hydrogenation data the molecular 
weight of QDP is calculated to be 336, based upon the reduction of one 
double bond, which is m good agreement mth 340 4 for OoH-iOsNa 

Evidence that the qumuchdine ring of qumme is retamed unchanged m 
QDP IS shown by the following (a) the vmyl group is mtact, as evidenced 
by ozonolysis, hydrogenation, and the addition of bromme, (b) QDP 
forms by addition a monomethiodide, (c) QDP does not react with methyl 
nitrite and therefore does not contam the groupmg — C’O — C®Hj — which 
would be present if the qumuchdme rmg had been opened and a quimcme- 
like structure were mvolved, (d) the first basic dissociation constant, isTi,, 
IS the same for qumme and QDP 

Evidence that it is the qumolme portion of the molecule m qumme which 
has been altered m the formation of QDP is shown by the foUowmg 
(o) quminic acid could not be obtained by oxidation of QDP, (&) m contrast 
to qumme, QDP is soluble m solutions of the hydroxides of the alhah 
metals, (c) QDP does not form a dimethiodide, as does qumme, (d) the 
second basic dissociation constant, Kt„ for QDP is very small 

Consideration may now be given to the reasons for assignmg to QDP 
the structure (II) contammg an oxygen m the 2' position of the qumolme 
rmg Smee QDP is derived from qumme (I), the 4' and 6' positions must 
be occupied, the latter by the methoxyl group which has been shown to be 
present The possibihty of an amme oxide structure may be ruled out since 
QDP forms only a monomethiodide The addition of an oxygen to the 
3', 5', 7', or 8' position m qumme (I) would be expected to produce a 
phenolic compound of a sufficiently acidic nature to react with diazo- 
me thane and to give a color reaction with ferric chloride, QDP, however, 
does not react with either reagent There remains therefore only the 2' 
position to be occupied by the oxygen atom which must be accounted for m 
QDP, a hydroxyl group m this position, and only m this position, would 
account for acidic properties weaker than those shown by an ordmary 
phenohe hydroxyl group, as well as for the marked decrease m basic 
properties of the qumohne mtrogen 

Thus the structure (II) accounts very well for the properties of QDP and 
IS in harmony with the expenmental evidence Such a structure may be 
looked upon as a 4,6-disubstituted carbostynl, and the absorption spectra 
showm m Fig 2 are m excellent agreement wnth such a view The acidic 
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properties of QDP are comparable to those of a substituted carbostynl, 
for, although carbostynl itself reacts with diazomethane to give an 0 
methyl ether, the acidity decreases with substitution, and 6-methoxy-4- 
methylcarbostyril does not react mth diazomethane Moreover carbo- 
styrils are not smoothly oxidized under acid conditions (7), which accounts 
for the fact that attempts to obtam recogmzable oxidation products of 
QDP were unsuccessful The slight basicity of the carbostynl nitrogen 
m QDP explains the mtrosamme test as well as the fact that on prolonged 
treatment ivith methyl iodide a solution of QDP becomes acid, without 
doubt bj hberation of HI, although the N-methyl ether was not isolated 
Theie remam two experimental observations for which a satisfactory 
explanation cannot be offered at this time, although neither observation 
necessanly conflicts with the stiucture (II) for QDP The first of these 
IS that QDP apparently does not isomenze to a qumicme-like structure 
as does quimne This may be due to the altered qumolme rmg m QDP, 
smce any rearrangement mvolvmg the groupmg — C®HOH— C*H— N— 

might well be mfluenced by a change m the qumolme portion of the molecule 
from that of structure (I) to (II) The second is the formation of the 
compound with a meltmg point of 179-180® by the action of an excess of 
benzenesulfonyl chloride on QDP m alkali The analytical results are m 
close agreement xvith the calculated values for the empmcal formula 
CssHesNiOieSs This empirical formula could be accounted for on the 
assumption that the reactants have combmed m any one of several propor- 
tions, eg ,2 moles of QDP plus 3 moles of benzenesulfonyl chloride plus 4 
moles of water with loss of 3 moles of HCl, or 2 moles of QDP plus 3 moles 
of benzenesulfonic acid plus 1 mole of H.O However, it has not been 
possible to WTite a structure which pioperly accounts for any such combina- 
tion The significant fact is that the compound is not likely to mvolve an 
S — Imkage, since QDP was lecovered quantitatively after mild aci 
hydrolysis 


suiuaiARi 

Evidence is presented that the ciystallme metabolic product, mp^ 
247 5-248 5°, derived from qumme, is levorotatory 2'-hydroxy-6 -me oxj 
3-vmylruban-9-ol 

The authoi-s aie mdebted to Di F E Kelsey, Dr E M K ^ 

Fiances K Oldham, and Di EailH Dearborn of the University 

for the gift of a generous sample of their metabolic derivative ° ^ 
and to Mr AVilliam Saschek, College of Physicians and Surgeons, 
University, for the microanalj'ses reported here 
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MODIFICATION OF THE CHLORATE DIGESTION METHOD 
FOR MICRODETERMINATION OF IODINE IN 
BIOLOGICAL MATERIALS 

Br BAHMAN K SHAHROICH 

{From the Department of Bacteriology, Umoerstly 0 } Coh/ornia, BerPeley) 
(Received for publicatioo, Apnl 3, 1944) 

Li a previous paper’ a method for the miciodeteimmation of lodme ^as 
descnbed This consisted of digesting the organic material m sulfunc acid 
and potassium cJilorate The method, although veiy rapid, had certam 
limitations By modify mg it practically all the disadvantages have been 
oiercome One of the limitations was that not more than 30 mg of sohd 
matter could be used m each sample Accordmg to the new method as 
much as 80 mg of solid matter can be used foi analysis The second dis- 
advantage was the mteiference of iron and manganese, which limited the 
determination to products that did not contam these materials The 
cause of this trouble has also been elunmated The third limitation was 
the restncted period of titration nhich was caused by the liberation of 
lodme from potassium iodide on mg to high acidity This has been avoided 
by the addition of phosphate, which actualli has a 2-fold purpose, as will 
be explamed in the following paragiaph 

In the modified method, the material is digested m a solution consisting 
of perchloric acid, sodium chlorate,- and disodium hydrogen phosphate 
Durmg the digestion lodme is oxidized to iodic acid When the digestion 
IS complete, the liquid is made alkalme by the addition of sodium hydroxide 
to precipitate iron, calcium, and copper m the form of phosphate salts 
which are removed by centrifugation The cleai hquid is then acidified 
with hydrochlonc acid to a pH of 1 2, with thymol blue as an indicator 
At this pH m the presence of phosphate, feiric salts do not oxidize potas- 
sium iodide and, therefore, even if iron is not lemoved from the solution 
by centrifugation it w ill not mterfere with the lodide-iodate reaction The 
mdicatoi is then decoloiized with a solution of chlorme m carbon tetra- 
chloride, which also oxidizes the reducmg impurities that might have 
been present m the added reagents After the chlorme is removed by 
boilmg, the solution is cooled, a crystal of phenol is added, and the solution 
allowed to stand for 5 mmutes, such concentiations of manganese salts as 
are found m tissues will then be reduced b\ the phenol after this time lo- 

> Shahrokh, B K , / Biol Chem , 14T, 109 (1943) 

’ Potassium salts cannot be used because on their addition to perchloric acid- 
potassium perchlorate precipitates, which interferes with the determination 
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dme IS then hberated by the addition of potassium iodide solution Soon 
after, the pH of the solution is adjusted to about 6 by the addition of diso- 
dium hydrogen phosphate solution This change m pH has two functions 
First, at this pH no iodine uill be hberated from the potassium iodide 
solution and the titration can be carried out as slowly as desired, secondly, 
an almost neutral solution will safeguard agamst the oxidation of potas- 
sium iodide by slow oxidizmg agents that might be present in the solution 
as impurities 

This method takes longer than the original method It will take about 
3 hours to determme the lodme content of twelve samples, if they are 
digested together, which will gix e an average of about 15 mmutes for each 
detemunation If the centrifugation of the precipitate is not necessarj, 
as IS the case with most tissues, the time can be reduced to about 2^ houis 
for twelve samples There is almost 100 per cent recovery of lodme by 
this method if the duections are thoroughly followed The accuracy 
of the method, therefore, is limited by the accuracv of titration 0 5 r 
of lodme is the hrmt of accuracx for the writer 

Reagents — 

1 Digestion mixture Disodium hy'drogen phosphate (anhydrous) 2 5 
gm , sodium chlorate 30 0 gm , distilled water 135 0 ml , 60 per cent per 
chloric acid 90 0 ml First sodium chlorate and disodium hydrogen phoa 
phate are dissoKed m distilled water Then, while the mixture is shaken 
slowly, perchloiic acid is added If the liquid becomes warm, it is cooled 
under tap watei The mixtuie should be kept at room temperature 
Higher temperatures cause speedx decomposition of the reagents 

2 13 per cent sodium hy droxide solution 

3 Thymol blue mdicator 0 04 per cent thyunol blue m 50 per cent a co- 
hol 

4 Solution of chlorme m caibon tetrachloride (o) If chlorine gas is 
available, chlorine solution can be obtamed by slowly bubbhng clilonne 
through carbon tetrachlonde (6) If chlorme gas is not av'ailable, c onne 
can be obtamed tiom sodium hvpochlorite solution 100 ml of 5 per cen 
sodium hypochloiite (commeicial pioducts like Clorox are 

aie placed m a 250 ml separatoiv funnel, followed by 25 nd o 
tetrachlonde The solution is then slow 1\ acidified with 6 n HC 
each addition the sepaiatoiv funnel is shaken Wien the hqui 
deep green, the solution is leadv foi extraction Theie will be 
ot CO 2 gas duimg and after acidifacation This gas should le ^ ^ 

escape The mixture is shaken slow Iv to dissoh e the chlorme m 
tetrachlonde The shakmg is contmued until the hypochlOTi e s 
loses its green color Carbon tetiachloride is then dram 
green tetrachlonde solution is washed only once with 25 m 0 
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B ater If the solution remains turbid, it as centrifuged for about 30 minutes 
m a stoppered 50 mi centrifuge tube This solution should be kept m a 
glass-stoppered bottle and must be prepaied fresh every 3 or 4 ueeks 

5 1 pel cent potassium iodide solution 

6 5 per cent disodium hydrogen phosphate solution 

7 0 001 N sodium thiosulfate solution freshly prepared before titration 
S 1 per cent starch indicator 


Method 

1 ml of sample is pipetted mto nucro-Kjeldahl digestion flasks It is 
preferable to use the type of digestion flasks iihich can also be used for cen- 
trifuging Then, 6 ml of the digestion mixture are added to the sample, 
followed bj a fen small pieces of pumice stone The addition of pumice 
stone IS essential to prevent the i igorous bumping which may occur The 
flasks are heated on a digestion rack until the liquids start to turn green, 
nhen the micro flames are lowered and the flasks are heated very gently 
During this part of the digestion the hquids should simmer and not boil 
Speedj heatmg may cause mmor explosions The heatmg is contmued 
m this manner until no more chlorme gas is seen m the neck of the flasks 
This maj take from 30 minutes to 1 hour, depending on the quantity of 
oigamc matenal present When chlorme gas disappear, the flames are 
laised slowly and the hquids are allowed to boil Vigorous boiling should 
be a\ oided m all stages of digestion V hen the contents of the flasks are 
leduced to about 1 ml to 2 ml , the solutions become coJoiless and fumes 
start to evolve Heatmg is contmued for another 2 to 3 mmutes, after 
which the flasks are allowed to cool 4 ml of 13 per cent XaOH are then 
added to each sample The flasks are cooled to room temperature wath 
tap water 1 drop of thymol blue is then added and suflicient 13 per cent 
NaOH to turn the mdicator blue If at this stage a visible precipitate 
appears, the hquid should be centiifuged foi 1 minute The supernatant 
hquids aie poured m 50 ml Erienme 3 ^er flasks, the precipitates are washed 
twice, each tune with 5 ml of distilled water, and the washmgs added to 
the ongmal hquid * Sufficient 1 n hydiochlonc acid is added to each flask 
to gue a definite pmk color A few diops of a solution of chlorme m car- 
bon tetrachloride are added to each flask to decoloiize the liquids The 
samples aie then boiled until about 15 ml of liquid aie left m each flask, 
after which they are cooled in a stream of running watei When the tem- 
peiatuie leaches about 40° (at higher temperatures phenol reduces lodic 

’The author prefers to omit the centrifuging unless copper is present If the 
solution IS not centrifuged, small quantities of precipitate tull remain in the liquid 
Howeiei, in none of the biological materials encountered has the amount of precipi- 
tate been large enough to interfere nith the accurac> of the titration 
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acid), a crystal of phenol is added to each flask and, after cooLng for at 
least 5 minutes, 1 ml of 1 per cent potassium iodide solution is added to 
each flask At a pH of approximately 1 2 the lodide-iodate reaction goes 
on at a comparatively slow rate and about 30 seconds should be allowed for 
complete liberation of lodme When the reaction is complete, 1 ml of a S 
per cent solution of disodium hydrogen phosphate is added, and the iodine 
IS titrated with a freshly prepared 0 001 n solution of sodium tbosulfate, 
1 drop of 1 per cent starch bemg used as an mdicator 
When a large number of samples are bemg analyzed, the time for de- 
termmation can be reduced if, while one series is boilmg m Erlenmejer 
flasks, another series is bemg prepared m digestion flasks and if while the 
titrations are bemg made for the first batch the second series can be di 
gested 


STJMMAHT 

The chlorate digestion method for the microdetermmation of iodine is 
modified so that this method can be used for all the biological materials 
containing more than 0 01 per cent of lodme 



THE EFFECTS OF SPERMI^’'E, SPERMIDINE, 4ND OTHER 
POLY^ViMINES ON THE GROWTH INHIBITION OF 
ESCHERICHIA COLI BY \TABRINE* 

Bi MILTON SILVEIUVUN ind E A EVANS, Jr 
(From the Department of Biochemistry oj the University of Chicago, Chicago) 

(Received for pubhcaCion, JIarcli 31, 1944) 

We have previously shoira that the groirth of Escherichia colt can be in- 
hibited fay atabrme (1) This inhibition can be prevented by the addition 
of AVitte’s peptone, by protein digests, and bj small concentrations of 
spermidme, spermine, pantothenic acid, and several other compounds The 
present report comprises a detailed description of these phenomena and 
prelimmary observations as to then mechanism 

Materials and Methods 

Cultures — Escherichia coli Stram 26 from the Department of Bactenologj, 
Iowa State College, Lactobacillus caseihom the American Meat Institute, 
Pseudomonas ■pyocyanea from the Department of Bactenologj, University 
of Chicago 

Media — The mineral salts-glucose medium nas that of Kohn and Harris 
(2) The medium w as adjusted to pH 7 8 before bemg boiled and clarified 
b\ filtration The final pH aftei sterilization nas between 7 15 and 7 3 

IMedia with 1 per cent concentrations at peptone, yeast e\ti act, and casein 
hv drolj'sate nere piepaied in 0 6 per cent NaCl and 0 2 pei cent glucose 
Thej^ were adjusted to pH 7 4 prior to steiilization Aftei steiihzation the 
pH V aried from 7 1 to 7 3 

The medium of Landy and Dicken (3) was emploj'ed for the growth of 
Lactobacillus casei 

2 per cent Mead’s amigen adjusted to pH 7 6 befoie stenhzation w as used 
foi the growi.h of Pseudomonas pyocyanea 250 ml portions were distrib- 
uted mto 4 liter Erlenmej’ei flasks to insure a large surface area Cells 

• The work described here was done under a contract, recommended by the Com- 
mittee on Medical Research, between the Office of Scientific Research and Dei eiop- 
meat and the University of Chicago This n ork w as also supported in part b v grants 
from the Dr Wallace C and Clara A Abbott Memorial Fund of the University of 
Chicago 

The authors are indebted to the Carbide and Carbon Chemical Corporation for 
their gift of the synthetic polyamiiies emploied Thev also wish to express their 
thanks to Mr M Lieberman for the isolation of several soil organisms and to Miss 
Virginia Blue for much of the routine work 
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were collected, after 18 to 20 hours growth, by centrifugation m a Sharpies 
supercentrifuge 

Ail basal media were heat-stenhzed at 15 pounds for 20 minutes Solu 
tions of substances added to the basal media were adjusted to pH 7 4 before 
sterihzation The final volume of the medium was 10 ml m all cases 
Aqueous atabime dihydrochloride (0 025 m) and quinme dihydrochlonde 
solutions (0 05 M contaming 1 ml of 0 5 n NaOH per 20 ml ) were sterihzed 
by filtration through Jena glass sterdizmg filters Irregulanties resulted 
when atabrme solutions iiere sterilized by passage through Seitz filters, 
probably due to absoi ption of the drug on the filter pad Solutions of heat- 
labile substances vere sterilized by filtration, all others were sterilized bj 
autoclavmg Incubation temperatures w ere 32° unless otherwise specified 

Warburg manometers and vessels were employed m respiration measure- 
ments Aldehyde formation was measured by a micro modification of the 
method of Clift and Cook (4) 


E5IPERIMENTAL 

Effect of pH on Atahnne Inhibition — It is evident from Table I that the 
bacteriostatic action of atabime on Escherichia coh is a function of the pH 
of the medium Little inhibition of bacterial growth is observed belon pH 
6 09, uith atabrme concentrations as high as 0 0015 m On the other hand, 
a measurable degree of mhibition is stdl apparent u itli atabrme concentra 
tions of 0 00025 m at pH 7 57 Atabrme is apparently most effective as the 
free base ‘ 

To ascertam v\ hether the mcreased activity' of atabrme at higher pH lev eh 
could be correlated with an mci eased concentration of the drug inside or on 
the surface of the bacterial cells, evperunents were carried out ui "hic^ 
washed suspensions of Escherichia coh m vvatei were added to buffer “ 
different pH values coutammg identical concentrations of atabrme 
suspensions were shaken foi 5 mmutes at room temperature, the cells "ere 
centrifuged off, and 1 ml samples of the supernatant fluid were taken or 
analysis The atabrme was extracted with 15 ml of ethylene dichlori e 
the presence of 1 ml of saturated NajHPOi (6) The mtensitv o 
fluorescence of the ethylene dichloiide extiacts was compared ® 
man electromc photofluorometer, w ith Coleman Filters B-2 and P ^ 
mciease m the external pH of the medium from 6 2 to 7 6 
cause an 8-fold mcrease m the percentage of atabrme bound or con 


m the cells (Table II) Htidroln- 

Antagonistic Properties of Peptones, Yeast Extract, and Cascni 
sates — ^A vaiiety of materials was tested for the content o su 

1 Browning, Gulbransen, and Keunaway (5) have already pointed ouU 
compounds were moat effective against Escherichia coh m alkaline me 
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capable of antagonizing the mlubitorj action of atabrine The pertinent 
data are included in Table III 

Bacto-yeast extract and one sample of peptone (No 358,027) contamed 
amounts of antagonizing substances capable of removmg the inhibitmg 
effect of 0 0005 m atabrme mil and 12 hours respectively Growth m the 


TlDtE I 

Effect of pH on Groteth Inhibition of Escherichia colt by Atabrme 


Growth was initiated in 10 ml of Bacto-peptone with 1 drop of the 24 hour growth 
of Escherichia coli in Bacto-peptone diluted 1 5 with distilled water 


pH 

Aubnse coDCentiation 

1 OOOOiSu 1 

OOOOSu 1 

1 OOOlU 1 

1 OOOlSu 

1 fits, for vuible grotrth (<7 /orO OusUbnae) 

5 70 

<7 

<7 

<7 1 

<7 

6 09 i 

<7 

<7 

<7 

<7 

6 23 

<7 

<7 

<7 

48 

6 S3 

<7 

<7 

>96 

>96 

6 83 

<7 

10 

>96 

>96 

7 21 

<7 

36 

>96 

>96 

7 38 

<7 

48-60 

>96 

>98 

7 57 

9 5 i 

48-60 

>96 

>96 


Table II 

Effect of pH on Distribution of Atabrme between Bacterial Celts and Suspending 

Medium 


2 ml of phosphate buffer (it/lS) , 1 ml of atabrme (244 8 -r as free base) , 1 ml of 
4 per cent Escherichia colt suspension in water, incubated with shaking for 5 minutes 
at room temperature and centnfuged 


pH 

Aubruie concentrations 

^ , cells 

Supernatant 

Cells 

supernatant 


r per ml 

y Per ml 


6 2 

57 7 

350 

6 1 

7 6 

31 4 

2980 

95 0 


contiol tubes in these expenments, tern the absence of atabrme, occurred 
m 5 hours A second sample of Bacto-peptone (No 348,562) contained 
smaller amounts of the antagonistic factors ^ When amigen was present, 
growth occurred m the presence of 0 00125 m atabrme in about twice the 
time (11 hours) required for the control With the same high concentration 

’ Unless otherwise indicated, this sample of peptone was used in the work re- 
ported here 
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of atabrme, the presence of Witte’s peptone pennitted growth after a lag of 
only 0 5 hour (i e , 5 5 hours) With concentrations of atabrme less than 
0 0005 M, the presence of Witte’s peptone completelj’’ prevented growth 
inhibition Various casein hydrolysates \\ ere essentially without activity 
Whether the activity of these various materials is due to any of the sub- 
stances discussed m the followmg section is unknown 

Table III 

Effect of Various Media on Alabnne Inhibition of Eschenchia colt Growth 
Inoculum, 1 drop of the 24 hour Eechenchia colt growth in Bacto peptone diluted 
Z 1000 with H,0 






Aubtme coDceutratioii 



pH 

Medium 

Nose 









Hn for visible growth 

7 16 

Bacto-yeaat extract 

5 


6 5 

12 

>48 



mmuti 

Baoto-peptone, No 348,562 

5 


7 5 

>48 



55 


Witte’a peptone 

5 


5 

5 

5 5 

55 


Baoto-peptone, No 358,027 

5 


6 5 

11 

>48 



mmS 

Bacto-casamino acids 

6 5 


>48 




11 

7 15 

Mead's amigen 

5 


6 

6 5 

7 5 

9 

7 15 

Mineral salts-gluoose 

15 

20 

24 

>48 






Pollack and Lmdner (7) have demonstrated the presence of a substance m 
Wilson’s peptone which serves as a growth stimulant for LaclohaaUtts casti 
In order to ascertain whether Witte’s peptone and the other preparations 
tested on Eschenchia coh were effective as growth stimulants for L 
hav'e carried out experiments in which these substances were added to 'S 
medium of Landy and Dicken (3) at a concentration of 20 y per m ^ 
media were then moculated with 1 drop of a washed L cosei suspension ^ 
mcubated at 37° and the turbidity, expressed in aibitrary umts as e ^ 
mmed on the Evelyn photometer, caused by the resultant gron’th mens 
after 24 hours The results were as follows 


Media added 

Amigen 

Bacto* 

peptone 

No 348 562 

Bacto- 
peptone 
No 358 027 

Bacto-yeast 

extract 

Growth 

13 7 

13 7 

11 3 

9 1 



Witte s peptone contamed a lactor, laciung or preset- ^ 
ties in the other media, which maikedty mcreased the groi' 
Very little of this factor was present m amigen Whet er 
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factors m Witte's peptone which stimulated the groivth of L casei are 
identical with those w hich antagonized the effect of atabrme on the grondh 
of E coll 13 not knoiTO 

Chemically Known Factois and Their Effect on Atabrme Antagonism — 
Data shoimg the effect of a nuinbei of chemically pure substances on the 
gronth of Eschciichia coll m the presence of atabime are presented ui 
Table IV 

These tests w ei e carried out m a medium contaming 1 per cent Bacto-pep- 
tone With this medium the bacteriostatic effect of atabrme is only slight^ 
less than m an morganic salts-glucose medium and no mcrease m the control 
growth rate (m the absence of atabrme) was caused by the addition of the 
substances bemg tested Conditions were so adjusted that growth m the 
controls (m the absence of atabrme) occurred m about 5 hours In the 
presence of 0 0005 ir atabrme, visible growth did not occur before 24 hours 
and frequently not until 48 hours Only those compounds were considered 
active which, m the presence of atabrme, caused visible groivth withm 24 
hours 

The naturally occurrmg polyammes, speimme and spermidme, were the 
most active of the substances tested Pantothenic acid and the synthetic 
ammes, diethylenetriamme, etc , were less active Cystme, nboflavm, 
thiamme, nicotmic acid, and glutathione showed some activity, while the 
effects of tryptophane, 1 ,4-diaramobutane, and f-argmme w'ere irregular 
and small With the exception of nboflavm, none of the active substances 
shows any chemical resemblance to atabrme, and theie is no obvious struc- 
tural similarity between the vauous groups of active compounds 

Relative Taxicities and Antagonistic Properties of Spermine and Spermidine 
— The antagonistic effect of low concentrations of spermme to atabrme is 
replaced, wnth higher concentiations of the amme, by a direct mhibitory 
effect on the groivth of Escherichia colt On the other hand, spermidme, 
w hich IS also highly effective m antagonizmg atabrme, does not mhibit the 
growi;h of Escherichia coli at 0 002 ii concentrations (Table V) At lower 
concentrations, however, spermme is the more effective antagonist of the 
two ammes As shown in Table VI, 1 2 7 pei ml (6 25 X 10'® m ) of sper- 
mme are capable of effectiv ety antagonizmg 327 7 pei ml (7 5 X 10“^ m) 
of atabrme 

Effect of Spermidme on Giowlh of Organisms Othei Than Escherichia coli in 
Presence of Atabrme — To asceitam whether the speimidme-atabrme antag- 
onism demonstrated with Escherichia colt could be obseived with other bac- 
teiia, organisms isolated fiom soil were studied under conditions similar to 
those used with the colon organism 

It was found that these sod oiganisms can be divideU mto two groups 
Ihe first group comprises those which aic inhibited by low concentrations 
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Table IV 

Factors Antagonizing Inhibiting Effect of Atabnne on Growth of Eschericha colt 

Growth was initiated in the basal medium of Bacto-peptone with I drop of the 24 
hour growth of Escherichia coli in Bacto-peptone diluted 1 1000 
The atabnne concentration m all experiments was 0 0005 m 


Factor 

Concentration 

Hrs. requued for iniUaboa 
of vuible growth 

Spermidine 

ii 

0 001 

6 


0 0005 

6 


0 00025 

7 

Spermine 

0 001 

22 


0 0005 

10 


0 00025 

7 

Diethylenetriamine 

0 001 

10 


0 0005 

20 

j 

0 00025 

24 

Tnethylenetetramine 

0 001 

7 


0 0005 

9 


0 00025 

23 

Tetraethylenepentamine 

0 001 

65 


0 0005 

7 5 


0 00025 

20 

Calcium pantothenate 

0 001 

6 5 


0 0005 

9 


0 00025 

20 

Riboflavin 

0 00033 

16 

Thiamine 

0 00037 

14-16 

Nicotinic acid 

0 0010 

14-16 

Glutathione 

0 00041 

14-16 

Cystine 

0 0005 

18 


The following show slight and variable activity at the conceniraiiuua 
tryptophane 0 0006 M, putreaoine 0 0003 m, d-argimne 0 0006 m iMiwe, 

inactive at concentrations of 125 y per ml were as follows ethylamine, bu ^ 
monoamylamine, dimethylamme, diethylamine, triamylamine, isopropy ' 
ethylenediamine, propylenediamine, monoethanolamine, triethanolamine, P j 
diethanolamine, triisopropauolamine, phenylethanolamine, etbylp eny . 
amine, tetraethanolammonium hydroxide, diethanolamine, diethano 
morpholine, tn-n-butylamine, di-n-butjlamme, histamine, acid, 

aminoacetio acid, f-asparagme, df-aspartic acid, Z(-l-)-arginine, H+d'6 . dl 

di-glutamic acid, histidine, dZ-leucine, dZ-isoleucine, Z(— )-Ieucine, ( .fuime, 
lysine, dl-norleucine, dZ-methionine, d-ormthine, df-phenylalanine, 

1(— )-hydroxyproline, dl-serine, Z(— )-tyrosine, dZ-threonine, j j napl't'*^' 

acid, glutamine, ademne sulfate, choline, creatine, inositol, 2 me y ^ yjacil, unc 
quinone (62 5 y per ml ), p-aminobenzoic acid, pimelic acid, pyn ’ 
acid, xanthine 
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of atabrme (about 0 00005 m) when grown m peptone These organisms 
are incapable of growth in an moiganic salts-glucose medium The ata- 
brme bacteriostasis with these oiganisms cannot be relieved by spermidme 
or Witte’s peptone The second gioup of organisms requires high (0 0005 
M 01 more) conceiitr itioiis of atabiine foi mhibition of growth m peptone 
and IS cipible of cultiiation m inoiganic salts-glucose media Atabrme 
bactei lostasis with these organisms can, as m the case of Escherichia coli, be 
reheied by spermidine The data aie shown in Table VII It appeals 


Iable V 

Itclatnc Toxicity of Spermine and Sperniidine 
The inoculum and basal medium were as in Table IV 



1 CoDCentiation 


oou 1 

0 00025 u 1 

1 OOOOS U 

0001 U 

1 0 002U 


Hrs for visible growth 

Spermine 

■Bi 

s 

9 

20 


Spermidme 

■■ 

4 5 

4 5 

4 5 

4 5 


Table VI 

Effect of Spermine and Spermidine on Growth of Escherichia coli tn 0 00075 ir Atabrme 


The basal medium was Baeto-peptone No 358,027 The inoculum was as in Table 
rV Growth in the absence of atabrme occurred in 4 5 hours, with atabrme no 
growth occurred m 120 hours 



7SX 

5X 

25X 

1 '*5X 

6 25 X ! 

2^ X 



mu 


1 

io-< u 1 

10-*M 1 

ia-*M 

ir*u 1 

i(r»u 





Hrs for visible growth 

Spermine 

1 

6 75 

5 75 

5 5 

5 5 

8 5 

20 

26 

>120 

Spermidme 

5 75 1 

5 75 

8 

1 

14 

26 

>120 

1 




then that those bacteria w Inch i e&pond to spermidme can sjnthesize cellular 
protoplasm from a medium m w hich ammonium phosphate is the sole source 
of nitrogen Those which lequire moie complex media for growth (pep- 
tones) do not respond to the addition of spermidme This suggests that at 
least two mechanisms aie mvolved in atabrme bacteriostasis, one mvolved 
with the synthesis and metabolism of ammes and another, yet unknown 
Spermidine As Growth Factor ? — ^The possibility that spermidme is an 
essential bacteiial growth factor w as tested on twn oi ganisms, w ith negatu e 
results In the case of Escherichia colt, giowth of the organism through a 
series of 120 daily transfers in eithei Bacto-peptone containmg spermidme 
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and atabrme or in an inoiganic salts-glucose medium containing spermidine 
did not produce, at anj time, organisms capable of inci eased grmrth m a 
mineral salts medium supplemented bj spermidine Attempts to isolate 
spermine and spermidme from 50 gm (\i et -weight) of Eschmcha cok cells 
by the usual methods (8) were unsuccessful 
The addition of spermidme was also found to be w ithout effect on Laclo- 
lacillus casei grow mg on the medium of Landy and Dicken When the 


Table VII 

Ejfect of Spermidine on Atabrme Inhibition of Growth of Soil Bacteria 


The inoculum and basal medium were as for Escherichia colt m Table IV 


Organism 

No 

Addition 

Giovtth It 

irhfi. 

2tba. 

lA 

None 

+ 

4+ 


0 001 M atabrme 

- 

3+ 


0 001 “ “ -f 0 0005 M spermidme 

+ 

4+ 

1 1 

None 

2+ 

4i- 


0 0005 M atabrme 

- 

— 


0 0005 “ “ -f- 0 0005 11 spermidme 

+ 

i-h 

2 

None 

3+ 

1 


0 0005 St atabrme 


2+ 


0 0005 “ “ -f 0 0005 SI spermidme 

3+ 

, 4-i- 

3 

None 

3+ 

4+ 


0 00075 St atabrme 

- 

+ 


0 00075 “ “ -b 0 0005 si spermidine 

2-b 

4-f' 

5 

None 

2-b 

4+ 


0 0005 M atabrme 

— 

2+ 


0 0005 “ “ -b 0 0005 u spermidme 

2+ 

44- 


Organism lA, Gram stain irregular, short plump rod, dry wnniueu 
N'o 1, Gram-negative, short slim rod, yellow smooth glistening growt 
2, Gram-negative, resembling Escherichia coli morphologically and in 
agar No 3, Gram-negative, short rod, yellowish smooth growth on agar 
Gram-negative, short plump rods, yellow growth on agar 

- = no growth, 4-1- = maximum growth, -f-. 2+, 3+ = intermediate gro 
intensity estimated visually 


casein hydrolysate used m the basal medium was adjusted o P 
extracted contmuously with butyl alcohol foi 40 houis, and then 
and used as the basal medium, it no longei suppoited growt _ 
addition of spermidme to the extiacted hi'diolysate did no ^ 
grow'th-promotmg piopeity of the medium, normal growt i w 
when the butyl albohol extract was added fschenchta 

Quinine Bactenostases and Spermidine — The growth o gjtliougt 
on an inorganic salts-glucose inediuin can be inhibited bv qu‘" 
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higher concentrations arc required than with atahrme The inhibition can 
be relieved by spcrmidmc This is shown when the effects of the addition 
of atabrme and quinine on growth of Escherichia colt in an inorganic salts- 
glucose medium are compared With 1 drop of the 24 hour growth in 
mineral salts of pH 7 05 (2) diluted 1 lOOO as the inoculum, the hours for 
VTSible growth after the addition wcie as follows no addition, 18, 0 0005 m 
speimidme, 15, 0 0005 vi atabrme, >72, 0 0005 u atabrme + 0 0005 m 
spermidme, 23, 0 0015 ii qumine, 50, 0 0015 m quinine + 0 0005 m spermi- 
dme, 29 Whether the acceleration of giowth evident on the addition of 
0 0005 VI spermidme to an moiganic salts-glucose medium is due to the 
amine serving as a soul ce of organic nitrogen foi cell synthesis or to some 
other effect is unknown With a peptone medium, as stated previously, 
spenmdme has no apparent effect on growth rate 
Attempts to demonstrate a chemical alteration of atabrme durmg bac- 
terial growth m the presence of spermme and spermidme have been negative 
In experiments to this end, the atabrme was extracted as the free base with 
ethylene dichloride after the medium had been made alkahne with 
Na-HPOi After suitable dilution of the extracts with ethyl alcohol, the 
respective mtensities of their colors were compared m a Coleman universal 
spectrophotometer with Filtei PC-4 at the 430 m^ band No difference m 
atabrme concentration could be detected between the tubes in which growth 
had occurred (in the presence of spermidme) and those m which no growth 
had taken place This does not exclude the possible formation of metabolic 
products of atabrme havmg the same fluorescence and mtensity of absorp- 
tion at 430 ran ns atabrme itself, such as those described by Scudi and Jeli- 
nek (9) However, if such compounds are formed they must possess the 
same bacteriostatic potency as atabrme, masmuch as the pigment extracted 
after bacterial growth m the presence of atabrme and spermme retains the 
full bacteriostatic effect of the atabrme ongmally added 
Development of Cultures Resistant to Aiahnne — It was possible to obtam 
an Eschertchia colt culture capable of growth m 0 0075 m atabrme by daily 
transfers of the organism to a mmeial saits-glucosc medium contammg m- 
creasmg concentrations of atabrme After five transfers at the 0 0075 m 
atabrme concentration the organisms giew more slowly The organism 
was then transferred to an agai slant and this was used as a source of the 
moculum of the “atabrme-resistant” stram Microscopic exammation of 
the “resistant” organisms revealed a Gram-negative coccoid rod unlike the 
typical Gram-negitn e short slim rod of the parent culture The identity 
of the culture was demonstrated by loutme tests for Escherichia colt (1) 
acid and gas production m lactose broth, (2) methyl red positive, (3) Voges- 
Proskauei negative, (4) no giowth m Koser s citrate, (5) typical colonies on 
Endo's agar and Lev me’s eosm-methylene blue agar, and (6) mdole produc- 
tion from tryptophane broth 
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Table VIII sho^\s the difference in resistance to both atabrme andqui 
nine between normal and “atabrine-iesistant” stiams of Esdierichia colt 
Increased resistance to atabime is accompanied by an mcrease in resistance 
toward qumme, although the latter (about 4 times) is not as great as the 
mcrease m atabrme lesistance (about lO times) 

Inhibition of S-permidine Oxidation by Aiabrine and Quinine — ^The fact 
that spermidme, spermine, histamme, and other polyanunes are not om 
dized by washed suspensions of the stram of Escherichia coli used m our 
e\permients does not exclude the possibility that other metabolic traiufor- 

Table VIII 

Resistance to Aiabrine and Quinine of Normal and Atabrine-Resisiant Strains 
of Escherichia coli 


Basal medium, mineral aalts-glucoae Inoculum, 24 hour cultures grown m nun 
era! salts, I drop of culture diluted 1 1000 The data are expressed as m Table VII 



Concentration 
of atsibrme or 
quimne 

Rcsutant stxam 

Nonn&lstmn 

24hrs 

48 bn 

72 his 

21hts 

4Sbrs. 

nbn. 


u 







Atabrme 

None 

+ 

4+ 

4+ 

4*f* 

4+ 

4+ 


0 0005 




- 

- 



0 001 


4+ 

4+ 

- 

— 



0 0015 

— 1 

4+ 

4+ 





0 002 

— 

4+ 

4+ 

! 




0 003 

— 

4+ 

4+ 





0 004 

— 

4+ 

4+ 





0 005 

— 

— 

4+ 

1 

! 


Qumme 

None 

+ 

4+ 

4+ 

4+ 

4+ 

i-i- 


0 001 




3+ 

4+ 

a 


0 002 

— 

, 4+ 

4+ 





0 003 

— 

■t+ 

4+ 

— 

"" 



0 004 

— 

+ 

4+ 

— 




0 006 

— 

— 

— 

— 

- 

— 


matrons of the ammes occur m E cob since (1) the growth of 
glucose-morganic salts medium is improved by the addition of ^ 
and (2) (as reported by Dr L Peters and Dr A K Miller m a 
commumcation) the growrth of E cob on a basal medium contaiMg 
gme IS accelerated by the addition of spermidme It seeme ^ 
therefore, to study the effect of atabrme and quimne on an 
capable of usmg spermidme and other polyammes as a substra e ^ 
purpose we have used preparations of Pseudomonas polj 

capable of oxidizmg putrescme, cada%erme, histamme, an o 
ammes (10) 
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Fig 1 The fonnatioa of aldehyde from spermidine by a lyophilized preparation 
of Pseudomonas pyocyanca Low er curve, endogenous control, upper curve, in pres- 
ence of spermidine Volume, 2 5 ml containing 1 ml of ii/15 PO,, pH 7 6, 12 5 X 10~* 
mole of spermidine, 28 mg of undialyzed preparation, and HjO to volume Incubated 
at 30° 

Table IX 


E£'ect of Aiabnne and Quinine on Oxidation of Spermidine 
0 5 ml of phosphate buffer, pH 7 6, 4- 2 0 ml (14 mg ) of lyophilized preparation of 
Pseudomonas pyocyanea (dialyzed 16 hours at 0°) incubated with shaking at 30° 




Moles X 10~* aldehyde formed m 

1 hr 


SpetBudine 

0 001^ 

0 004 U 

AUbcme 

None ' 

OOOQSU 

0^1 u 

None 

OOOQSU 

OOOlu 

Sample 1 

1 57 

0 94 

0 75 

1 79 

1 60 

1 27 

Inhibition, % 


40 

52 


10 

29 

Sample 2 

1 17 

0 71 

0 47 

1 40 

1 29 

0 96 

Inhibition, % 


40 

60 


8 

32 

Quinine 

None 

OOOI&I 

0 002^ 

1 None 

1 QSXilU 

0 002U 

Sample 1 

1 67 

1 36 

0 99 

1 

1 1 97 

2 02 

1 74 

Inhibition, % 


18 

41 



12 

Sample 2 

1 60 

1 16 

1 0 SO 

1 1 90 

1 1 90 

1 1 50 

Inhibition, % I 


28 

: so 

1 

0 

21 

Sample 3 1 

1 15 

0 75 

i 0 45 

1 40 

1 15 

0 87 

Inhibition, % ' 

1 

35 

1 

1 


38 


Suspensions of Pseudomonas pyocyanea o\idized spermine, spermidme, 
and putiescme at a rapid rate, histamme moie slowly, and the three syn- 
thetic amines, diethylenetnamme, triethvlenetetramine, and tetraethylene- 
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pentamine, at a very slow rate If the cell suspensions were stored at 10° 
for 16 to 20 hours, it w^as found that atabrine markedly mhibited the oxida 
tion of spenmdme w hen it w as added prior to the anunes , if both amines are 
added simultaneously, or if freshly prepared suspensions of Pseudomonas 
pyocyanea wmre used, the inhibition was much less 

Such results, obtamed wuth mtact bacterial cells, are open to the objection 
that one cannot differentiate between the effects of mhibitors on the mitial 
oxidation of the amme to the coriespondmg aldehyde and the subsequent 
oxidation of the latter It was found, however, that lyophilized prepara 
tions of Pseudomonas pyocyanea formed an aldehyde (the prunary product 
of diamme oxidase oxidation, accordmg to Zeller (11)) with spermidine as a 

substrate (Fig 1) Such preparations, after dialysis against distilled water, 

utihze from 1 to 2 atoms of O 2 per mole of aldehyde formed This type of 
preparation has been employed for a study' of the effect of atabnne and 
qumme on spenmdme oxidation 

As IS evident from Table IX, both qumme and atabnne inhibit the for 
mation of aldehyde from spenmdme Furthermore, m each case, an m 
crease of spenmdme from 0 001 to 0 004 m greatly' reduces the degree of 
mhibition, suggestmg that the mhibition is competitive m nature 


DlSCOSSION 

The most strikmg fact to emerge from this study is the antagonism to the 
action of atabrme shoivn by the ammes, spermme and spenmdme Since 
atabrme is apparently completely recovered after bacterial growth, t e 
amme cannot be effective by combmmgivith atabime (unless theproc^is 
reversible) 01 by mducmg the bacterial production of a substance capab e 0 
combmmg with or mactivatmg atabrme It seems very probable t a 
atabrme and spermme or spermidme are competitive substrates m 
enzymic reaction occurrmg m the bacterial cell Such a hypothesis imp 
that the bacterial synthesis of the ammes or some other reaction mvo vin 
them is necessary foi the growth of the organism Under 
which any of these reactions is mhibited by atabrme, addition of t e 
IS necessary for growth to occur Failure to isolate spenmne or 
from Escherichia coli may be due to the fact that the amme is presen w ' 
small amounts If one w ere to assume that the maximum concen 
the amme m the bacterial cell was equivalent to that necessary 0 ove^ ^ ^ 
atabime bactenostasis, it can be calculated that the quantity 
gm of Escherichia coli w'ould be too small to detect by our prese 

mques riboflaiiSi 

It seems unlikely that the abihty of such agents as .^Ijfjne b 

pantothenic acid, glutathione, and mcotmic acid to antagoniz^^^^^^^ 
related to their i arious specific metabolic effects The conce 
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these substances required to antagonize atabrine are far greater than those 
mi oil ed m then action on other biological sj stems Further, anj speci- 
ficity in action is contraindicated bj the fact that any one of the group in 
sufficiently lugh concentiation i\ lU permit giondh to occur It seems more 
probable that all of these substances liaie some affinity for the active en- 
zirnie surfaces involved m the atabrine effect and piotect these surfaces 
from the drug but do not completelv inhibit the sj nthesis or other reactions 
of the amines essential for growth Some support for this view may be 
derived from the work of Zeller (H) who has found that thiamine is an 
mhibitor of the diamme oxidases and has a great affinity for the enzyme 
The activity of the three sj nthetic polyammes mcreases with molecular 
weight and the number of ammo groups (from three to five) At higher 
concentrations tetraethylenepentarmne is almost equivalent m activity to 
spermidine However, at a concentration of 0 00025 ii the naturally occur- 
rmg triamme is far more potent than the synthetic pentamme 
Those factors known to be the most activ e antagonists of the sulfonamides 
(p-ammobenzoic acid and methionme) are without effect on the action of 
atabnne Witte’s peptone, which contains the most active antagonists of 
the atabrme effect on Eschenchia colt, has been reported by MacLeod (12) 
to be a very poor antagonist of the actitm of sulfonamides It appears, 
therefore, that the mechanism of the action of atabrme is different from that 
of the sulfonamides A similar conclusion has been reached by Maier and 
Eiley (13) who found that p-aminobenzoic acid completely mhibited the 
antimalarial action of sulfanilanude m avian malaria, but w as without effect 
on the action of qumme and atabnne 
Witte’s peptone apparently contains other atabrme antagonists than the 
known polyammes, smce it w ould be necessary for the peptone to contam 
about 0 1 per cent of the ammes to account for its total activity Further, 
Witte’s peptone completely elurunates any lag m growth m 0 0005 u ata- 
brme m contrast to the 1 hour lag always observed w hen optimum concen- 
trations of the active ammes are added 

SOMMAKY 

Increase m pH markedly mcreases the bacteriostatic activity ofatabime 
This 13 associated with a gieatei retention of the drug by the cell at the 
higher pH values 

A V ariety of protem digests contains substances rehev^mg atabrme bac- 
teriostasis m Eschenchia colt Witte’s peptone is the most active of these 
media This same peptone m a concentration of 20 7 per ml greatly m- 
creases the growrth of Lactobacillus casei m the complete medium of Landy 
and Dicken 

The naturally occurrmg ammes, spermme and spermidme, are the most 
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aotiie antagonists of atabiine among the known factors tested Concen- 
trations of spemame highei than 0 00025 si mhibit the groirth of Eschmchia 
coll, speimidine is non-to\ic at a concentration of 0 002 m 
Escherichia coh cultuies lesistant to atabime also possess increased re- 
sistance to qumine The bacteriostatic effect of qumine maj beantago 
nized by spermidme 

The oxidation of speimiduie b\ hophilized preparations of Pseudomonas 
pyocyanea is mhibited by both atabiine and quinine This inhibition may 
be eliminated or reduced by mcieased spermidme concentrations 

It IS suggested that atabiine mhibits the growdh of Escherichia coh by 
mteifeimg i\ ith leactions mvolved m the synthesis, the metabolism, or the 
symthesis and metabolism of speimme or spermidme 

Addendum — Subsequent to the completion of this manuscript Snell (14) has re- 
ported that polyamines are effective m inhibiting bactenostasis due to propamidine 
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ROlE of PHObPILVTE IX PYRbMC ACID DISSIMIL4.TION BY 
CELL-FREE EXTR.\.CTS OF CLOSTRIDIUiM BUTYLICUM* 


Bi H J KOEPSELL, MARVIN J JOHNSON', and J S MEEK 

(From the Department of Biochemistry, College of {griculture, University of Wisconsin, 

\[adison) 

(Received for publication, April 8, lO-U) 

The preparation of a \ acuum-dried cell-free e\tract of frozen cells of 
Clostridium buiylicum has been described (1) This extract catalyzes the 
fermentation of pj rm ic acid to acetic acid, carbon dioxide, and molecular 
hydrogen The rate of hydrogen evolution durmg the reaction is propor- 
tional to the concentration of added inorgamc phosphate No stable 
phosphorylation product has been detected 
In this paper the lesults of a further stud\ of the role of phosphate m the 
reaction are gi\ en 


EXPERIMENTAL 

Large Scale Preparation of Cell-Free Extract — To avoid differences m the 
behavior of small batches of enzyme preparation mdividually prepared as 
needed, a large quantity of dry extract iias prepared Cells of Clostridium 
butylicum ivere groira as follows 600 liters of medium consistmg of 1 per 
cent commercial glucose, clear aqueous extract of 0 5 per cent malt sprouts 
and 0 25 per cent fresh pork hver, 0 25 pei cent Cuban blackstrap molasses, 
0 25 per cent ammonium sulfate, 0 1 per cent phosphonc acid neutrahzed 
to pH 6 8 with ammonium hydroxide, and salts,’ was sterilized, cooled, and 
moculated with 30 liters of an 18 hour culture of Clostridium butylicum 
grown m the same medium After mcubation at 37-40° for 18 hours, the 
cells were harvested by centrifugmg 900 gm of wet cells were obtamed 
and were immediately frozen 

After 14 days, 100 gm portions of frozen cells were ground m 200 ml of 
ice-cold water and adjusted to pH 6 5 with sodium hydroxide solution 
The suspension was allowed to stand m an ice bath for 10 to 15 minutes and 
then centrifuged several times for 10 to 15 inmute periods until a clear 
amber supernatant liquid could be dramed from the cell ddbns This 

* Published with the approval of the Director of the Wisconsin Agricultural Ex- 
periment Station Supported in part by a grant from the Wisconsin Alumni Re- 
search Foundation 

’ A solution having the follow ing content (in gm per liter) was prepared MgSOt 
7H,0 10, MnSOi HiO 10, CaCl 2H 0 10, FeSO, 0 2, CuSO, SHjO 0 1 Co(NO,)i 6H O 
0 01, NajB.O, lOH O 0 01 ZnSOi 0 1 10 ml of this solution were added per liter 

of medium prepared 


535 



536 


ptrwic acid dissimilation 


v«.,tien..BiclaerivfriT^f?'^'‘r 

phosphate compounds These comnn ri ' ® m the discussion of 

procedure modified from tLt S Lipmem, rar Th"'^ ooacoimtently by . 
the solubzhty of the calcium salts of In ^ Procedure depends on 

of the calcium salts of true morn- i. ^ o^phates and the insolubility 

nde solution un^r ItroUeZ^^" ^ <=aieauin oU,; 

aer controlled conditions, and on the hydrolysis of labile 


Table I 

— Nomencla ture of Phosphate 

Cojnpoluid I 


Compounds 

Be£nitioa 


Inorganic phosphate 


Labile phosphate 


7 minute phosphate 


Stable ester phosphate 


Phosphate whose calfeium salt is insoluble m irater 
NaHPO™''*'^*^^ controlled conditions hi, 

1 whose calcium salt is soluble in water alco 

^ under controlled conditions, and which 

I IS ydrolyzed, if present, during determination of 
inorpnic phosphate by modified Fiske and Subbatow 
method (e g , acetyl phosphate) 

Phosphate not hj drolyzed during Fiske and Subbarow 
etermmation of inorganic phosphate, buthydrolyzed 
by exposure to 1 0 n HCl at 100° for 7 minutes (« 1 , 
adenosine triphosphate) 

Phosphate not appreciably hydrolyzed by exposure to 
1 0 rr HCl at 100° for 7 minutes (e g , hexose dipbos 
phate) 


morgamc phosphate durmg the determumtion of 
harow (3) ^ ® by a modification of the method of Fiske and Sub- 

molvhdnto^r Suhharow method referred to, 1 ml of acid- 
aulfunc j ^ ^ ammomum molybdate plus 100 ml of 10 if 

(14 21 om f water) and 1 ml of reducmg reagent 

ftcid onri in° 0 25 gm of l-ammo-2-naphthoI-4-suFomo 

■not-’ ^ t , ^ sulfite solution made up m 80 ml of 

water, ctoolved, and diluted to 250 ml ) are added to 10 ml of sample solu- 
lon c<m g between 0 1 and 1 0 micromole of morgamo phosphate 
Alto 10 mmutes at room temperature, the blue color developed is compared 
m the Jivelyn colorimeter at a wave-length of 660 mp with the color pro- 



KOEPSELL, JOHNSON, \ND ’MEEK 


537 


duced by standard samples of morgamc phosphate Labile phosphate, if 
present m the sample, is completelj hydrolyzed and appears as morgamc 
phosphate 

The separation of true morgamc and labile phosphates, and their con- 
comitant determmation, were effected bj’’ the followmg procedure The 
sample solution was adjusted to contam 5 to 10 micromoles of total true 
morgamc and labile phosphates m 1 ml of solution at pH d 5 1ml of this 
solution was placed m a 15 ml comcal centrifuge tube To it were added 
1 ml of ammonium acetate buffer reagent (a solution 0 5 si with respect to 
ammomum hydrovide and 0 05 M wuth respect to NaHCOs, adjusted to pH 
8 5 with acetic acid) and 4 ml of 1 0 si calcium chloride m 95 per cent ethyl 
alcohol The resultmg precipitate of calcium carbonate and morgamc 
phosphate was allowed to flocculate for 5 to 7 minutes The tube was then 
centrifuged for about 5 mmutes The supernatant liqmd was poured off, 
and the precipitate was washed on the centrifuge wnth 2 ml of alcohohc 
calcium chlonde solution All ol the above operations weie earned out m 
the cold (0-5°) to mmimize hjdiolysis of acetyl phosphate The precipi- 
tate was dissolved with a drop of concentrated hydrochlonc acid and di- 
luted to a suitable volume In this solution morgamc phosphate was 
detennmed by the Fiske and Subbarow' method as desenbed, the value thus 
obtamed was assumed to represent the content of true morgamc phosphate 
m the sample At the same tune, the Fiske and Subbarow method was 
apphed directly to a suitable abquot of the ongmal sample solution, the 
value thus obtamed was assumed to lepresent the sum of the true morgamc 
plus labile phosphate content m the sample solution Labile phosphate 
content was then calculated by difference 

Several experiments were conducted to check the accuracy of this sepa- 
ration procedure The observation by lapmann® that the coprecipitation 
of calcium carbonate is necessary for complete precipitation and flocculation 
of calcium phosphate w as verified It was found that morgamc phosphate 
was precipitated 97 to 100 pei cent under the conditions given In order to 
determme the action of labile phosphate m this course of procedure, a 
sample of disilver acetyl phosphate’ was converted to the sodium salt by 
shakmg m the cold wnth sodium chloride solution It is probable that some 
hydrolysis of the acetyl phosphate occurred durmg the process The re- 
sults of recoveries on this solution are given m Table II When apphed to 
enzyme reaction mixtures, expenence mdicated that this separation proce- 
dure gave shghtly low v alues for labde phosphate if the ratio of morgamc 
phosphate to labile phosphate w as greater than 4 0, and shghtly high values 

* Private communication 

‘We are indebted to Fritz Lipmann for generous gifts of disilver acetyl phosphate, 
and for helpful advice in this work 
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if the ratio Mas less than 0 3 In the latter case and m other cases ivhen 
advisable, knorni quantities of inorganic phosphate Mere added to the sam- 
ple to bring the ratio to 1 0 to 1 3 before the assay was repeated 
The 7 minute and stable ester phosphates Mere determined as Moms 
By calculation from the amount of morgamc phosphate origmally added to 
the reaction mixture, and the amount of true morgamc and labile phosphate 
found m the mixture after [reaction, the approximate amount of 7 minute 
plus stable estei phosphate m the sample Mas detemimed The sample 
M as diluted to contam approximately 10 rmcromoles of total phosphates m 
1 ml of solution at pH 6 5 To 1 ml of this solution, 1 ml of 2 0 n hj dro- 
chlonc acid Mas added, and the solution Mas placed m a steam bath for 
exactly 7 mmutes and cooled Inorgamc phosphate was then detemimed 
m this solution by the modified FisLe and SubbaroM method descnbed pre- 

Tvble II 

Recoiery of Acetyl Phosphate in Presence of Inorganic Phosphate 
The sample contained the indicated amounts of added inorganic phosphate and 
acetyl phosphate preparation in 1 ml at pH 6 5 


laorgamcji^spbate 

Total phosphate added 
as acet>l 

phosphate pieparaUoQ 

Total phosphate pptd 

Labile 

ID acetyl pbospiut* 
preparation 

mtaanujlcs 

mtcramalfs 

mtaetMlcf 

fa ceifi 

S 0 

1 76 

S 40 

77 3 

6 0 

3 52 

6 8S 

75 0 

5 0 

4 40 

6 20 

72 7 

4 0 

5 28 

5 40 

73 5 

2 0 

7 03 

4 07 

70 5 

0 0 

S SO 

2 62 

70 2 


viously 7 mmute phosphate Mas calculated by subtractmg the sum o 
labile plus morgamc phosphate, previously deteimmed, from the morga^ 
phosphate found m this determmation Stable phosphate was calculat 
by subtractmg the sum of morgamc, labile, and 7 mmute phosphates rom 
the amount of morgamc phosphate origmally added to the reaction nu-x ure 
Determination, of Silver-Precipitable Volatile Acids — This procedure 
apphed to enzyme reaction mixtures after protem precipitation wi 
chloroacetic acid and neutrahzation or to purified labile 
tions The sample was adjusted to contam 16 to 20 micromoles o 
phosphate m 2 0 ml of solution at pH 6 5 To 2 0 ml of this so u loo,^ ^ 
ml of 95 per cent ethyl alcohol and 200 micromoles of silver nitra e 
ml of solution were added The resultmg precipitate Mas centr uge 
washed twee with 4 ml portions of 95 per cent ethyl alcohol, an a 
m50ml ofOlN sulfuric acid This suspension Mas steanie 
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mmutes in a stoppeied tube, cooled, diluted to 30 nd , and subjected to 
Duclau\ distdlation 

For this distillation the entire hydiolysate Mas placed m an all-glass dis 
tillmg apparatus The first 5 00 ml of distillate, contammg carhon dioMde, 
Mas discarded The tM o succeeding 10 00 ml portions Mere heated just to 
a boil, cooled rapidlj , and titrated to a phenol red end-pomt Mith standard 
0 01 N barium hydroxide solution The content of acetic and butyric acids 
in the sample was then calculated by the usual method (4) The rate of 
distillation was adjusted so that, after rejection of the first 5 ml of distillate, 
the folIoMmg 10 ml portion Mas dehvered m 7 5 mmutes Before analyses 
of samples, the apparatus Mas cahbrated mth standard solutions of acetic 
and butjTic acids under the same conditions, and consistently gave recov- 
eries of 96 to 100 per cent on mixtures of these tM o acids 

At all times solutions beliei ed to contam acetyl phosphate m ere kept cold, 
m an ice bath or preferably frozen, Mhen possible, to minimize hjdioljsis 

Phosphale Balances in Presence and Absence of Glucose— -In earher Mork, 
attempts to detect the formation of a stable phosphorylation product m 
pyruvic acid fermentations by cell-free extracts of Clostndium butyhcum 
had faded Apparently any labile phosphates produced had been hy- 
drolyzed durmg the determination of inorganic phosphate, and had escaped 
detection Hom ever, apphcation to fermented hquors of the above method 
for concomitant deteimmation of labile and tiue inorganic phosphate mdi- 
cated that labde phosphate Mas mdeed produced, at the expense of moi- 
ganic phosphate Lipmann reported that enzyme preparations used m this 
work would also catalyze the phosphorylation of added glucose duimg 
pyruvic acid fermentation. Math the accumulation of stable ester phosphate 
The magnitude of these reactions Mas studied m the foUoivmg phosphate 
balances of pyruvic acid fermentation m the presence and absence of glu- 
cose 

The reaction Mas carried out m the usual maimei (1) After reaction, 
the contents of the flasks Mere Mashed mto 15 ml conical centrifuge tubes 
and diluted to 5 ml Math water Proteins Mere precipitated by the addi- 
tion of 1 ml of 1 0 M trichloroacetic acid to each tube After immediate 
centrifugation, the supernatant liquids Meie rapidly adjusted to pH 6 5 
Math 1 N sodium hydroxide solution and dduted to 10 ml On these 
solutions the mdicated determmations Mere made The results are gixen 
m Table III 

In the absence of glucose, morgamc phosphate m as taken up and appeared 
as labile phosphate esters In the presence of glucose, the reaction rate 
mcreased 133 per cent, morgamc phosphate Mas agam taken up, but ap- 
peared as stable ester phosphate plus 7 mmute phosphate instead of as 
labile phosphates Because the esters m this case m ere probably a mLxture 
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of hexose phosphate esters whose character is not of great importance to 
the present study, they were not characterized further 
Indications of Character of Labile Phosphate — ^As mentioned previously 
(1), the fermentation of pyruvic acid by cell-free extracts of Cbstndium 
butyhcum appears to be somewhat similar to the oxidation of pyruvic acid 
catalyzed by enzyme systems prepared by Lipmann (5) from cells of Lac- 
tobacillus delbrueckii The discovery that labile phosphate is formed in the 
former reaction leads naturally to the supposition that acetyl phosphate, 
isolated by Lipmann (6) m the oxidation reaction, is also an mtermediate 
■1" phosphate ester m the fermentation reaction 
The isolation of labile phosphate from fermentation mixtures for ngid 
characterization was attempted and was unsuccessful Pyruvic acid dis- 

Table III 

Phosphate Balance of Pyruvic Acid Fermenlalton in Presence and Absence of Glucose 


The Warburg flasks contained 97 micromoles of inorganic phosphate and 30 mg 
of dry enzyme powder, pH 6 5 Total volume, 2 8 ml KOH in the center cup 
Reaction time, 60 minutes All values are expressed in imcromoles 


1 

Flask Ko 1 

Pyruvate i 
added 

Glucose 1 
added ! 

Hydrogen i 
evolved 

Inorgarac 

phosi^te 

Labile 

phosphate 

Zmiaute 

phosphate 

Stable 

phosphate 

1 

0 

0 

-0 4 

94 

2 

3 

-2 

2 

0 

0 

-0 2 

94 

3 

4 

-4 

3 

50 

0 

14 4 

81 

14 

4 

-2 

4 

50 

0 

14 2 

81 

13 

7 

-4 

5 

0 

150 

-0 3 

92 

2 

2 

1 

6 

0 

150 

-0 3 

91 

3 

1 


7 

50 

150* 

34 9 

53 

3 

11 

HI 

8 

50 

150 

31 4 

54 

3 

11 

— 


similation by cell-free extracts under the conditions described previously (1) 
IS slow, and the amounts of labile phosphate obtamed are too small an 
solutions are too dilute for such isolation, furthermore, labile phosphate is 
relatively unstable at mcubation temperature In order to force reasons y 

rapid reaction, it was necessary to use great excesses of morgamc phosp a e 
m the reaction mixtures The resultmg problem of separatuig the 
morgamc phosphate from labile phosphate proved difficult PrMipi a 
of morgamc phosphate with calcium nitrate m the concentrate 
mixtures xvhich were obtamed resulted m coprecipitation and los o 
labile phosphate, and purified solutions of labile phosphate hydro yze 
such ease that satisfactory separation from morgamc phosphate cou 

be effected cntafe were 

However, mdications of the character of the labile P ° ^ 
secured by precipitatmg purified labile phosphate solutions wi 
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regenerating the sodium salts, and hydrolyzmg these Math acid The v ola- 
tde acid content of the hjdrolysates uas then correlated Mith the labde 
phosphate content of the sodium salt solution It was shmin that added 
volatile acids were not precipitated with sdv'er under these conditions, and 
that no v'olatile acids could be detected m analogous sUver precipitates from 
blank reaction mixtures m which no fermentation had taken place 
To obtam labile phosphate for this purpose, pyruvic acid fermentation 
was carried out m the usual mannei, but in a Warburg flask of about 115 
ml capacity The manometer was filled with mercury The reaction mix- 
ture consisted of 4000 micromoles of morganic phosphate, 800 micromoles 
of sodium pyruvate, and 500 mg of dry enzyme pow der, at pH 6 5 m a 
volume of 19 ml KOH w as placed m the center cup After 140 mmutes 
mcubation the contents of the flask were removed and diluted with washmg 
to 23 ml To precipitate proteins, 3 ml of 1 0 m trichloroacetic acid were 
added, and the suspension w as immediately centrifuged The supernatant 
liquid was adjusted to pH 6 7 with 1 m sodium hydroxide solution The 
total volume of 32 ml contamed 2820 micromoles of morgamc phosphate 
and 280 micromoles of labile phosphate 
To remove inorganic phosphate, 3000 micromoles of calcium mtrate m 
3 ml of solution were added, and the pH was readjusted to 6 5 with 1 n 
sodium hydroxide solution The resultmg calcium phosphate precipitate 
was centiifuged out Much labile phosphate had coprecipitated The 
volume was adjusted to 19 ml This solution contamed 123 micromoles of 
labile phosphate and 03 micromoles of morganic phosphate To 15 ml of 
this solution 60 ml of 95 per cent ethyl alcohol and 550 micromoles of silver 
nitrate m 1 1 ml of solution were added The resultmg sdver precipitate 
was washed once with 10 ml and once with 6 ml of alcohol The precipi- 
tate was suspended m 10 ml of 0 044 n sodium chloride solution (contaming 
one-thirtieth of the chloride ion as hydrochloric acid m order to attam pH 
6 5 to 7 0 after the cation exchange) and shaken well The suspension was 
centrifuged, and the supernatant hquid contammg sodium salts of labile 
phosphate at pH 7 0 was dduted to 12 ml Assay mdicated that this solu- 
tion contamed 59 micromoles of labde phosphate and 22 micromoles of m- 
orgamc phosphate To 6 7 ml of this solution (33 micromoles of labde 
phosphate) 205 micromoles of silver ion m 5 7 ml of sdver sulfate solution 
and 5 0 ml of 0 1 N sulfunc acid solution were added The resultmg sus- 
pension was steamed m a stoppered tube for 10 mmutes to hydrolyze the 
labde phosphates and cooled The precipitate of silver chloride was centri- 
fuged out, the supernatant hquid gave no further precipitate when tested 
w ith a drop of sdver sulfate solution The supernatant liqmd was dduted 
to 40 ml and subjected to Duclaux distillation 

The sample was adjusted to contam 30 to 40 micromoles of volatde acids. 
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36 micromoles of silvei ion as silver sulfate, and 5 0 ml of 0 1 n sulfuric acid, 
mdOml of solution After 5 ml of distillates ere discarded, three (instead 
of ts o) succeeding 10 ml portions sere titiated as before The apparatus 
had been previously calibiated suth standaid solutions of acetic, butjTic, 
Aalenc, and iso\aleric acids under identical conditions 
The titration values obtamed m the distillation of the labile phosphate 
hydiolysate did not conform to the volatility of acetic acid alone, approxi- 
mately one-third of the volatile acid present sas more volatile than acetic 
acid Smce butyiic acid is a nonnal product of glucose dissimilation by 
Clostndtum hutylicum, it xvas beheved that butxTic acid might also be pres 
ent Therefore, the distillation lesults seie lecalculated on the assump- 
tion that the volatile acid distilled sas a binary mixture of acetic and 


Table IV 


Idenlification of SUvcr-Precipitable Volatile icids by Duclaux DtsUllaiion 
Results of Duclaux distillation calculated from titratable acidities of Fractions I, 
II, and III for the following combinations of volatile aliphatic acids 


Xhcromoles of acid m Ag ppt calculated front 


Acids as>suin«d i 
present | 


Fractions I 
and 11 

Fractions 1 
and III 

Fractions 11 
and III 

Acetic and 1 

\cetic acid ^ 

23 6 

24 7 

24 3 

butyric | 

Butyric “ 

12 4 

12 1 

12 0 


Total 

36 0 

36 8 

36 3 

Acetic and 

Vcetic acid 

31 7 

28 6 


valeric 

Valeric “ 

7 7 

9 2 

1 12 U 


Total 

39 4 

37 8 

39 9 

Acetic and 

Acetic acid 

34 1 

29 3 

23 9 

isovaleric 

1 Isovaleric acid 

1 ^ 

8 5 

13 5 


Total 

1 40 5 

37 8 

42 4 


butyric acids Results of sepaiate calculations involving all possib e com 
bmations of tso titration xalues (4) agreed well Similar calcu m ^ 
based on the assumption that a binary mixture nf acetic and of severa 
more volatile acids sas present disagreed sndely The results o 
calculations are given m Table IV , . 

It was, therefore, assumed that the mixture of volatile acids m e 
phosphate hydrolysate consisted chiefly of acetic and butyric aci 
the ahquot contammg 33 imciomoles of labile phosphate a o 
after hydrolysis, 24 2 micromoles of acetic acid and 12 2 micro 

butyric acid b.itvric acids 

To show that the piesence of sdver-precipitable acetic an 
in the purified labile phosphate preparations was associate fg^ 

mentation of pyumvic acid and that such acids were not piesen 
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mentation , a control e\penment v as pei formed A blank enzyme reaction 
mixture uas prepared contammg 2000 miciomoles of moigamc phosphate, 
400 micromoles of acetic acid, and 250 mg of dij enzyme poudei, at pH 
6 5 in 9 5 ml of solution This reaction nuxture u as mtended to simulate 
the fenuented enzyme reaction mixture from ivhich the labile phosphate 
solutions ui preiious experiments had been prepared Smee no fei menta- 
tion liad occurred in this control mixture, there should ha\e been no 
accumulation of labile phosphate, and no acetic oi butyric acids should be 
found m analogous sih er precipitates On tbis mixture an exactly analo- 
gous procedure for preparmg labile phosphate solution was carried out 
Both the labile phosphate and sdver-precipitable xolatile acid contents of 
this solution Mere determined None of either could be detected 

Silver acetate and butjTate aie sparmgly soluble in iiater, thus it might 
be possible that these salts w ere merely precipitated as such from the puri- 
fied labile phosphate pieparations, smee no sepaiation of labile phosphate 
from acetic and butyric acids originally occurrmg m the feimented reaction 
mixture had been made That any acetic acid present a as not precipitated 
under the conditions existmg during the silvei precipitation has been shoira 
by the control experiment just described That any butyric acid present 
s imila rly was not precipitated was shown by a second experiment A labile 
phosphate solution was piepared as has been desenbed A 2 ml aliquot of 
this solution had been found to contam 18 5 micromoles of labile phosphate, 
11 23 imcromoles of silver-precipitable acetic acid, and 4 90 miciomoles of 
silver-precipitable butync acid To a second 2 ml ahquot, 10 imcromoles 
of sodium butyrate m 0 2 ml of solution at pH 6 5, and to a third 2 ml ah- 
quot 0 2 ml of water were added The solutions Mere assayed for sdver- 
precipitable volatile acids It was found that m the second ahquot 8 90 
micromoles of acetic acid and 5 03 micromoles of butync acid, and m the 
third ahquot 9 36 micromoles of acetic and 4 98 rmciomoles of butjTic acids, 
were precipitated Math silver The difference betMeen these values is 
withm experimental error, and it was therefore assumed that none of the 
added butyric acid had been precipitated 

These experiments mdicate that the acetic and butyric acids precipitated 
Math silver from punfied labile phosphate solutions m ere not present as such, 
that their presence is related to the production of labile phosphate m the 
pyruvic acid fermentation reaction, and that they ma> be present as acetyl 
and butyryl phosphates 

Source of Silver-Frea-piUMe Butync Acid — After the mdication that 
acetyl and butyryl phosphates may be formed m the fermentation reaction 
was established, the chemical mechanism by which silver-precipitable 
butjTic acid arises was studied The enzyme preparation had a pronounced 
butyric acid odor, a transphosphorylation reaction betMeen butync acid 
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36 micromoles of silvei ion as silver sulfate, and 5 0 ml of 0 1 n sulfuric acid, 
m40ml of solution After 5 ml of distillate were discarded, three (instead 
of tn o) succeeding 10 ml poitions were titrated as before The apparatus 
had been preiuouslj calibrated with standard solutions of acetic, but}Tic, 
1 alenc, and isoi aleric acids under identical conditions 
The titration values obtained m the distillation of the labile phosphate 
hj dicljcsate did not conform to the volatility of acetic acid alone, appron 
mately one-third of the volatile acid present n as more volatile than acetic 
acid Smce butyric acid is a normal product of glucose dissimilation bj 
Clash idium hidylicum, it v as behe\ ed that butiTic acid might also be pres 
ent Therefore, the distillation results neie recalculated on the assump- 
tion that the volatile acid distilled nas a binary mavture of acetic and 


Table IV 

Identification of Silvcr-Precipitable Volatile icids hy Duclaux Distillation 
Results of Duclau\ distillation calculated from titratable acidities of Fractions I, 
II, and III for the follon mg combinations of volatile aliphatic acids 


Acids assumed 


present 


Fractions I 
and 11 

FmcUonsI 
and 111 

fracUons 11 
and Ilf 

Acetic and 

Acetic acid 

23 6 

24 7 


butyric 

But j no “ 

12 i 

12 1 



Total 

36 0 

36 8 

6 

Acetic and 

Acetic acid 

31 7 

28 6 

27 9 

valeric 

Valeric “ 

7 7 

9 2 



Total 

30 4 

37 8 

39 y 

Acetic and 

Acetic acid 

34 1 

29 3 

28 9 

isovaleric 

Isovaleric acid 

6 4 

8 5 

Id 5 


Total 

40 5 

37 8 

42 4 


Micromoles of acid m Ag ppt. calculated from 


butyric acids Results of sepaiate calculations mvolvmg all possib e com 
bmations of tvo titration values (4) agreed well Similar 
based on the assumption that a bmarj' mixture of acetic and of 
more volatile acids w as present disagreed widely The resul s 
calculations are given m Table IV . 

It was, therefore, assumed that the mixture of volatile acids m e 
phosphate hydroljsate consisted chiefly of acetic and butyric aci 
the ahquot contaimng 33 miciomoles of labile phosphate a o 
after hydrolysis, 24 2 micromoles of acetic acid and 12 2 micro 

butyncacid „d hutvno acith 

To show that the piesence of silver-precipitable acetic an 
m the purified labile phosphate preparations was associate^ ' 
mentation of pyruvic acid and that such acids were not prese 
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v\ere removed and diluted to 5 0 ml by washmg Proteins were precipi- 
tated and enzymes were mactivated by addmg 1 ml of 1 0 m tnchloroacetic 
acid At this time, before the resultmg precipitate was centrifuged out, 
the additions indicated in Part II were made These additions werem- 
tended to produce the same concentrations of butync acid and labilephos- 
phate m all of the reaction muxtures, so that subsequent sdver precipitations 
would occur under comparable conditions m active and control samples, 
how ever, because the acetyl phosphate m the enz 3 Tne-contammg reaction 
mixtures of Flasks 1 and 2 w as subjected to mcubation temperature and the 
action of phosphatases durmg mcubation, while the acetyl phosphate now 
added to the reaction mixture of Flask 3 had been kept cold and separate, 
the labile phosphate level m Flask 3 was higher dunng the silver precipita- 
tion than the level m Flasks 1 and 2 The protem precipitates were 
immediately remoied by centnfugmg, and the supernatant hquids were 
adjusted to pH 6 5 with 1 n sodium hydroxide solution The solutions 
were diluted to 8 0 ml and assayed for labile phosphate and silver-precipi- 
table volatile acids 

The results of this experiment are given m Part III of Table V No 
butjTic acid was found m the silver precipitate from the reaction mix-ture 
m which the enzyme preparation was mactivated before the addition of 
acetyl phosphate, and the addition of butync acid to the mcubated reaction 
nuxture resulted m a large mcrease m the amount of silver-precipitable 
butync acid These results mdicate that an exchange of the phosphate 
group of acetyl phosphate and but 3 rnc acid had taken place 

It might be assumed that the butyryl phosphate was produced by con- 
densation and reduction of 2 acetyl phosphate molecules In the above 
experiment m which acetyl phosphate was mcubated with enzyme prepara- 
tion under molecular hydrogen, this would have been mdicated by gas 
uptake durmg mcubation Instead there was slight gas evolution There- 
fore, unless the necessary reductive hydrogen was provided by a smtable 
hydrogen donor m the enzyme preparation, such condensation and reduction 
did not occur 

DISCUSSION 

Intermediate phosphorylation apparently occurs m the fermentation 
of pyruvic acid by cell-free preparations of Closindvum butylicum In- 
organic phosphate is taken up m the reaction, and labile phosphate appears 
In the presence of glucose, stable ester phosphate is produced m place of 
labile phosphate The demonstration of this series of mtermediatephos- 
phoiylations suggests that fermentative energy utihzation m this butjmc 
acid anaerobe is m accord ivith the current concept (7, 8) that the energy 
of carbohydrate dissimilation by hvmg cells is utihzed by means of the 
generation and hydrolysis of high energy phosphate bonds 
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The data of Table III and of the previous paper (1) are consistent with 
the assumption that the leaction takmg place is 

Pyruvate" + H PO«~ ;?i COi + Hj + acetyl phosphate’” 

In the presence of compounds (such as butyric acid or glucose) capable 
of functiomng as phosphate acceptors, a transphosphorylation occurs 
From the estimations made by Kalckar (7) it is apparent that the decom- 
position of pyruvate mto acetate, carbon dio'ade, and hydrogen mvolves, 
at pH 7 and when reactants and products are present at equal concentra- 
tions, a free energy change of approximately 10,000 calories Although 
the free energy of formation of acetyl phosphate is not accurately known, 
generally accepted values foi the energy of a carboxyl phosphate bond 
are also m the neighborhood of 10,000 calories The expemnental data 
also mdicate that we are deahng with an over-all reaction mvolvmg very 
little energy change A relatively high concentration of morgamc phos- 
phate must be present in order to obtam a satisfactory reaction rate The 
reaction rate is also much increased when glucose is the ultimate phosphate 
acceptor (The phosphate bond energy m hexose phosphates is much 
less than that m carboxyl phosphates ) 

Both of these observations suggest that the equihbnum position of the 
reaction is such that maximum reaction velocity in a positive direction 
is obtamed only when reactant concentration is much higher than product 
concentration 

Rigid characterization of the labile phosphate produced m the pyruvic 
acid fennentation leaction has not been achieved because of mabihty to 
isolate the labile phosphorus compound However, mdications of t e 
presence of acetyl and butyryl phosphates have been obtamed Th^se 
are as follows Purified labile phosphate solutions from pyruvic aci er 
mentation reaction mixtures contain amounts of silver-precipitable ace w 
and butyiic acids which coirelate leasonably vvith the labile phosp a a 
content of the solutions Similar solutions obtamed from blank 
tion leaction mixtures m which no fermentation has taken place on 
contain silver-precipitable volatile acids Added acetic and 
are not precipitated by the silvei treatment Finally, mcubationo ac 
phosphate with butyric acid m the presence of enzj’me extract 
the formation of silver-precipitable butync acid m the reaction 
The apparent ability of the en:^me preparation to 
phosphorylation between acetyl phosphate and butync aci o^ 
butyryl phosphate suggests that butyryl phosphate may p ^ 
mediary rfile m the production of butync acid and butyl a co 

indium hutylicum „},a=;Dhate, is ^ 

The pioduction of labile phosphate, apparently acety P 
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point of similantj' between pyruvic acid fermentation by preparation of 
Closlndiiim butylicum to acetic acid, carbon dioxide, and hydrogen, and 
by preparations of Escherichia coh to acetic and formic acids (9) and pyruvic 
acid oxidation by preparations of Lactobacillus delbrueckn (5) 

SUMMvVUY 

1 The preparation from Clostridium butylicum of a large supply of cell- 
free dried wnter extract of frozen cells wluch catalyzes pyruvic acid fermen- 
tation IS descnbed 36 pei cent of the activity of the frozen cells was 
reco\ered m the dried extiact 

2 Phosphate balances of the fermentation of pyruvic acid by enzyme 
extract m the presence and absence of glucose are given In the absence 
of glucose, inorganic phosphate is taken up and appears as labile phosphate, 
but no stable phosj'phorylation product accumulates In the presence 
of glucose, no labile phosphate accumulates, but morganic phosphate is 
taken up and appears as stable ester phosphate 

3 Attempts to isolate labile phosphate from the fermentation mixture 
were unsuccessful Siliei-precipitable acetic and butync acids were 
present m purified labile phosphate preparations Apparently the labile 
phosphate is a mixture of acetyl and butyryl phosphates 

4 Silver-precipitable butync acid, apparently butyryl phosphate, arises 
by mcubation of acetyl phosphate with butyric acid m the presence of 
enzyme extract An exchange of the phosphate group of acetyl phosphate 
apparently occurs between acetyl phosphate and butyric acid to yield 
acetic acid and butyryl phosphate 
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HYDROXYLEUCINES 

Bt H D DAKIN 

{From Scarborough-on-Hudson, New York) 

(Received for publication, April 15, 1944) 

The folloiving paper is chiefly concerned ivith the synthesis of 7-hydroxy- 
leucme and the description of some of its derivatives The immediate 
reason for mterest m this ammo acid is as folloiis In the course of frac- 
tionatmg, under conditions lef erred to below a quantity of ammo acids 
from casern, a small amount of a substance was fortuitously isolated which 
appeared to be homogeneous and which could not be identified with any 
knowm ammo acid -Inaljsis consistently mdiqated the formula CjHiaNOa 

' The following notes regarding the unidentified substance are obviously incom- 
plete and are only recorded in the hope that they may possibly be of use to later 
workers In the course of fractionating a mixture of monoamino acids and a larger 
proportion of dicarbo\ylic ammo acids from casein, so called “pure” commercial 
casein purchased from Eimer and Amend, use was made of precipitation with silver 
nitrate and sodium hydroxide On decomposition of the sparingly soluble silver 
salts with hydrogen sulfide and concentration of the filtrate under diminished pres- 
sure, the product was found to contain significant amounts of nitrate The vacuum- 
dried product was repeatedly extracted with alcohol which dissolved most of the 
nitrate in combination a ith monoamino acids The nitrate was removed by precipita- 
tion of the ammo acids with mercuric acetate and sodium carbonate The amino 
acids were then converted into copper salts and a little phenylalanine was removed 
as the sparingly sol able salt On removal of copper from the soluble salts and con- 
centration, crystallization slowly took place The crude product, only about 3 gm 
from 2 5 kilos of casein, still contained a trace of phenylalanine which was eventually 
removed by repeated recrystallization from aqueous alcohol (Evaporation with 
concentrated nitric acid followed by treatment w ith ammonia gives a strong orange- 
yellow color if phenylalanine or tyrosine is present ) The melting point of the repeat- 
edly recrystallized substance was 248-250°, it dissolved m less than half its weight of 
hot water and was insoluble in alcohol Three analyses of different preparations fell 
within the following limits, C 48 3 to 49 1, H 8 40 to 8 80, N 9 63 to 9 77 Calculated 
for CjHi^NOi, C 49 0, H 8 84, N 9 52 Amino nitrogen (Van Slyke) 9 60 Feebly 
levorotatory in aqueous solution changing to dextro on addition of HCl Periodate 
oxidation negative, iodoform negative, traces of acetone with KjCraOi, copper salt 
clear blue and very soluble, Reinecke, flaviamc acid, naphthalene-/3-sulfonic acid, and 
picric acid all negative Phosphotungstic acid yields a precipitate immediately in 
0 3 per cent solution and slight precipitation on standing in 0 2 per cent Reduction 
with hydnodic acid and phosphonium iodide at 140° gave i-Ieucine showing dextro- 
rotation in acid solution CtHuNO calculated, C 55 0, H 9 92, N 10 7, found, C 55 2, 
H 9 8 N 10 3 The leucine was conxerted into the uramino acid, m p 214°, showing 
no depression of melting point w hen mixed with an authentic specimen from Heucine 
Up to the present, efforts to simplify the preparation of additional quantities of the 
ammo acid have had scant success 
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and the whole of the nitrogen was m the ammo form The substance was 
neutral m reaction and formaldehyde titration mdicated one carbo\yl 
group No evidence of a lactone groupmg could be obtamed, so that the 
mference seemed deal that a hydroxyammo acid w as present On reduc- 
tion with hydriodic acid (sp gi 1 96) and phosphonium iodide at 140°, an 
ammo acid CoHijNOa was obtamed m about 50 per cent yueld and was iden- 
tified as Z-leucme This m turn was converted mto the uramido acid and 
found identical m composition and mixed meltmg pomt with the substance 
prepared from authentic Meucme, thus definitely excludmg the possibility 
of a derivative of nor- or tsoleucme, which melt at much lower temperatures 
The evidence thus far conformed to the view that the unknown substance 
was a hydroxyleucme On oxidation with periodic acid as descnbed by 
Van Slyke, Hiller, and MacFadyen (1) practical!} none (0 2 per cent) of the 
nitrogen was liberated as amhionia, so that the jS position for the h}dro\y 
group (I) appeared ruled out, leavmg the y-hydrox} leucme (II) and 5 hy- 
droxyleucme (III) still to be considered The synthesis of dl-y-h} droxyleu 
cine IS described m the follow mg pages and it may be stated at once that 
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while it shows many resemblances to the unknown ammo acid, the differ- 
ences are too great to support the view that it represents the optica y 
inactive form of the actn e natural ammo acid For example the melting 
pomt of y-hydroxyleucme is 226-228° compared with 248-250 for t e 
natural acid Flaviamc acid gix’es a sparmgly soluble salt wuth y-hydrm^ 
leucine, but the flavianate of the natural acid is extiemelj soluble 6 
copper salt of y-hydroxy leucme ls only moderately soluble m cold w ater an 
cry stalhzes m long blue needles x\ ith a marked xuolet tinge, w hile the copper 
salt of the natural acid is pure blue m color and is veiv soluble m 
Remecke acid gives a rather soluble lemeckate of y-hy droxydeucme ® 
lizmg m long needles, w hile the ammo acid from casern gn es no precipi^^ 
Naphthalene-j3-sulfonic acid gives a fairly soluble crystallme nasy e 
y-hy droxyleucme but no piecipitate with the natural ammo aci 
The behavior of the tw o ammo acids w ith phosphotungstic aci 
pomts of interest It may be recalled that Sorensen (2) s owe 
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a-amino-5-hj clro\j -«-valenc acid was slowly precipitated by phosphotung- 
stic acid, while Fischer and Zenipldn (3) found that 5-amino-a-hydroxy\ al- 
eric acid show ed the same behavior and surmised that slow conveision of the 
ammo acid mto 0-hydro\\ pipei idone was a necessary part of the reaction 
On addition of phosphotungstic acid to even a concentrated solution (5 per 
cent) of 7 -hydro\yleucme, there is no immediate precipitate but after some 
nimutes large exceptionallj w ell formed glistenmg needles separate The 
same finely crystallme phosphotungstate is obtamed from solutions as dilute 
as 0 3 per cent but onlj after standing several days On the other hand the 
ammo acid from casern giies an immediate oilj piecipitate in concentra- 
tions of 0 3 per cent and gi eater, winch on standmg is converted mto small 
needles One further difference betw een the tw o ammo acids may be cited 
On destructi\e distillation, the natural ammo acid yields vapors givmg-a 
strong pyrrole reaction, w heieas y-hj dro\j leucme gives a virtually negative 
result 

It is obvious from the foregomg that the svnthesis of 5-hydro\yleucme for 
comparison w ith the natural acid is highl 3 ' desirable Some few attempts 
have been unsuccessful and, while the writer hopes to continue these ex- 
pel iments, he expresslj disavows any possible claim to priority 

In view of the extreme ease wath w hich y-hj droxv isocaproic acid is con- 
veited mto isocaprolactone even at loom temperature (4), it is mterestmg 
to note that y-hydroxj leucme does not readih v’leld a-ammoisocapiolactone 
(IV) either m hot aqueous solution oi on boilmg with hydrochloric acid 
On the other hand the phenjl isocjanate derivative of y-hydioxj leucme 


CO 


CHNH, 

I 

\ CH. 

\l 

C 

/ \ 

HjC CH, 
(IV) 


COOH 

I 

CH— NH— C O— NH— C.H, 

I 

CHs 

I 

COH 

/ \ 

H,C CH, 

(V) 


CO 


CHNH— CO— NHC.H, 

0 r 

\ CH, 

\l 

C 

/ \ 

HiC 


CH, 

(VI) 



552 


HYDBOSTIiBUCINES 


(V) IS promptly coaverted mto its lactone (VI) Whether the preceding 
facts constitute evidence m favor of the zwitter ion theory of the structure 
of a-annno acids according to which the carboxyl group would be le&s 
avadable for lactone formation is a matter of speculation 


experimental 


The method finally adopted for the synthesis of 7-h} droxyleucme con- 
sists in the condensation of isobutylene oxide and acetylaminomalomc 
diethyl ester, followed by hydrolysis, as showTi in the accompanying 
reactions Traube and Lehmann ( 5 ) had aheady mvestigated the conden- 
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sation of unsubstituted malonic ester with ethylene oxide and wnth epichlor- 

hydrm, the product from the latter servmg as startmg material for Leuchs 

sjmthesis of hj^droxyprolmes The condensation of acylammomalonic 
esters with alkylene oxides, so far as the w liter knows, has not been pren 
ously investigated and should prove a useful method for the synthesis 0 
7-hj'droxj -a-amino acids , , 

A few prelimmarj experiments showed that the condensation procee e 

unsatisfactorily under the conditions chosen by Traube and Le > 
which consisted of adding a molecular propoition of an alcohohc 
ethylate solution to the ester, followed by addition of the alkylene 0 x 1 
the resultmg sodium malonic ester Nor w as the use of smaller amoun^-^^^ 
sodium ethylate as a catalyst any more successful Furthei expe ^ 
showed that diy sodium methylate wath or without the use ot 10 
diluent gave satisfacton lesults, although there is no reason to 
the conditions to be described aie not capable of 
Acetylammomalonic estei" (43 4 gm =02 mole) m a roun 0 ^ ^ 

* For generous supplies of acetylammomalonic ester I am mdebted t ^ ^ jjoive 
Company, Inc , through the kind cooperation of Dr R T Xlajor an 
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With attached reflu\ condenser is mi\ed with excess of isobutylene oxide, 
at least twice and preferably thiee times the theoretical amount, diluted 
w ith an equal \ olume of dry dioxane Dry sodium methylate (0 4 mole) is 
then added m four divided portions at hourlj mtervals while the contents of 
the flask are occasional! j' shaken and gently simmered over a water bath 
Heatmg is contmued for 6 to 8 hours Water (50 cc ) is then added, fol- 
lowed by the cautious addition of hydrochloric acid (200 cc ) Hydroljsis 
IS effected by boilmg the mixture under a reflux for 16 to 20 houis m an oil 
bath On coolmg, the solution is filtered to lemove a mmute amount of oil 
and then concentrated under dimmished pressure to remove as much hydro- 
chloric acid as possible The residue is then treated w ith w arm alcohol, the 
residual sodium cliloride filtered off, and the filtrate agam concentrated 
under dimmished pressure, leavmg a finely crj stallme residue It is desir- 
able to remove the sodium chloiide as completely as possible, so that a 
second treatment of the residue w ith absolute alcohol is of advantage Aftei 
removal of alcohol, the residue is dissolv'ed m w ater and treated m one of 
tw o w aj s In the first of these the solution is boiled w ith excess of freshly 
piecipitated lead hv dioxide to remove the bulk of hydrochloric acid The 
small amount of chloi ide remaming m the filtrate is removed by the cautious 
addition of silver acetate Aftei the material is filteied agam, lead and 
silver are removed with hydrogen sulfide and the filtiate is concentrated 
under dimmished piessure The concentrated solution on slow evaporation 
IS almost entirely conv ei ted mto crj stallme ammo acid w hich is washed with 
alcohol before reci v&talhzation This method giv'es a larger yield of ammo 

acid than the one to be next described but, unfortunately, the product is 
usually contammated with more or less glycme derived from the hydrolysis 
of unchanged acetylammomalonic ester Smce glycme is shghtl} less 
soluble m both water and aqueous alcohol than 7-hydroxj leucme, recrystal- 
hzation of the product is usually of httle advantage 
It has aheady been stated that y-hydroxyleucme gives a sparmgly 
soluble flavianate and use has been made of this for the separation of the 
ammo acid The aqueous solution of the hydrochloride obtamed as just 
described is precipitated with a concentrated solution of about 80 gm of 
flav lanic acid, when on coolmg crystallization takes place rapidly After 48 
hours m the ice box the soft crystals are filtered off and washed with ice 
water They are then dissolved m hot water and decomposed by the 
addition of barium hydroxide dissolv ed m hot water The barium hj^drox- 
ide IS added until a test portion reddens phenolphthalem paper, about 70 
gm bemg required The barium flavianate is filtered off and well washed 
The slight excess ot barium m the filtrate is quantitatively remov ed wath 
sulfuric acid, and a little decolorizmg carbon is added to remove the residual 
trace of flavianic acid On concentration to small bulk, the 7-hydroxj leu- 
cme separates out as large transparent nodular masses of needles which 
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become opaque on drying The yield of once crystaUized product amounts 
to about 50 per cent of the theoretical, that is from 14 to 16 gm The sub- 
stance was recrystallized for analysis by dissolvmg it m half its weight of 
hot water and addmg several volumes of methyl alcohol It separated as 
fine silky needles and was dried at 75° m a vacuum over phosphorus 
pentoxide 

CjHisNOj Calculated C 49 0, H 8 84, N 9 52 
Found “ 48 8, “ 8 85, “ 9 61 

The ammo nitrogen by Van Slyke’s method was 9 65 The ammo acid, 
after smtermg slightly at about 220°, melts sharply at 226-228° with ngor- 
ous effervescence, yieldmg a clear yellow-brown melt^ The copper salt 
was prepared m the usual w'ay by boihng an aqueous solution of the ammo 
acid mth coppei carbonate It crystaUized very easily m exceptional!} 
attractive long deep blue needles which on drymg acquired a definite nolet 
tmge It IS moderately soluble m cold water but very easily soluble m hot 
water and has the normal composition The air-dned salt contams no 
water of crystalhzation 

(CjHiiOd^)jCu Calculated, Cu 17 9, N 7 87, found, Cu 17 8, N 7 85 

The preparation of the flamanate has already been referred to It is freely 
soluble m hot water and on coolmg separates as fine soft lemon-yellow 
needles meltmg at 272-273° 

C,oH,OsN,S C,H„VO, Calculated C 41 7, H 4 12, N 9 11 
Found “ 42 0, " 3 86, “ 9 20 

The phenyl isocyanate deiivatixe of y-hydrowleucme was prepared m the 
usual way When the alkalme solution w as acidified, precipitation was nn 
mediate and the product was lecrystaUized fiom a nuxture of met ' 
alcohol and water It crystalhzes m needles and melts at 188-189 "i i 
slight previous softenmg The analysis mdicates that the substance n no 
a simple addition compound CwHigN O 4 lequumg C 59 9 and H 6 , 0 
that a molecule of water has been elnmnated piesumably through ac 0 
formation The action of hot hydrochloric acid on the conipoun 
phcated and yields seveial products which haie not been cosey 0 
actenzed 

CijHuOjN Calculated, C 62 9, H 6 45, found, C 63 0, H 6 59 

The precipitation of the phosphotungstate of 

the remeckate meltmg at 167-170° have already been referre ° 

no further comment The ammo acid does not gn e moi e t ana 

’ Any contamination of 7-hydro\yleucine w ith glycine is easily recog 
much darker color of the melt 
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iodoform reaction Oxidation with potassium dichromate gives some ace- 
tone Oxidation \s ith periodic acid m alkalme solution gives virtually no 
ammonia (0 2 per cent of N), thus confirmmg the y position of the h}- 
droxyl group 

Glycine Flavianalc — In some of the eaiher experiments on the preparation 
of 7-hydroxyleucme m w hich use Mas made of flavianic acid for its piecipi- 
tation, it was noted that on occasion, after the material had stood for some 
tmie, a flavianate separated m itli markedly different properties from those 
of the hydraxj'leucme flavianate It crystallized as a light lemon-yellow 
lurd crust of needles and m as identified as glycme flavianate This seemed 
surpi ismg m \ leiv of Langley and Albrecht’s (6) statement that, ‘ The simple 
a-ammo acids did not yield flavianates readily, but did so under unusual 
conditions” and Crosby and Kirk's (7) failure to secuie a crystallme flavian- 
ate from glycme How e\ ei , glycme flavianate is easily obtamed although 
its separation maj be somew'hat delayed unless seratchmg wnth a glass rod 
or seedmg with a crj’stal is employed When 0 75 gm of glycme was dis- 
sohed m 50 cc of waim water and then 3 5 gm of flavianic acid added, 
orj stallization promptly followed Aftei the mnxture had stood for 2 days 
m the rcfrigeratoi , the ciystals were filteied off and weighed 2 30 gm , 
equivalent to 60 per cent of the theoretical yield The recrystallized mate- 
rial began to smter abo\ e 235° and melted at 244-245° with effervescence, 
givmg a deep brownish black residue 

C.oH.O,N S CjH.OiN Calculated N 10 8, NHjN 3 60 
Found “ 10 8, “ 3 65 

The solubility m watei was determmed at 17° and found to be 52 5 gm per 
liter, equivalent to about 10 gm of glycme per hter In view of the easy 
precipitation of glycme bj phosphotun^tic acid (Soiensen), by silver salts 
(Kutscher), and by flavianic acid it might well be expected that the pres- 
ence of much glycme could piove a complicatmg factor m several of the 
methods currently used for the estimation of argmine 

In conclusion it may be lecorded that hydroxyprolme may be synthe- 
sized by a reaction similai to that used for the synthesis of 7-hydroxyleucme, 
epichlorhydrm bemg substituted for isobutylene oxide, but it is doubtful 
whether the method has piactical advantages over knowoi procedures 
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COCARBOXYLASE HYDROLYSIS BY A WHEAT PHOSPHATASE 

Br H G OBERMBYER, W C FULMER, and J M YOUNG 

(From the Research and ■inalylical Laboratories of Merck and Company, Inc , 
Rahway, New Jersey) 

(Received for publication, April 26, 1944) 

It was observed that no enzyme addition was required to recovei the 
cocarbo\ylase as free thianune m assaying a sample of flour which contamed 
added synthetic cocarboxylase (the p 3 Tophosphoric ester of synthetic 
thiamme), shoivn by Weijlard and Tauber (1) to be identical ivith natuial 
cocarbox'ylase This observation mdicated that flour contamed a phos- 
phatase capable of hydrolyzmg cocarboxylase to thiamme The occurrence 
of phosphatase m wheat has been demonstrated by Hilbe and Marrow (2) 
and Sisakyan and Kobyakova (3) This suggested to us that the absence 
of cocarboxylase m plant materials as observed by Tauber (4), Hennessy 
and Cerecedo (5), MelnicL and Field (6), Booth (7), Shetlar and Lyman 
(8), and others might be caused by phosphatase activity when the plant 
matermls are extracted for assay 

EXPEBIMENTAi 

When thiamme is measured by the thiochrome procedure, free thiamme 
IS oxidized by alkahne ferricyanide to thiochrome, which is extracted by 
isobutanol Cocarboxylase, however, under these conditions forms an 
oxidation product which cannot be extracted by isobutanol and thus escapes 
detection The difference of solubihty of the oxidation products m iso- 
butanol provides a ready means of differentiatmg thiamme and cocarboxy- 
lase Cocarboxylase is readily converted mto thiamme by phosphatase 
hydrolysis 

A variety of extraction procedures is used to assay flour for thiamme 
content The flour may be extracted with potassium chloride solutions 
(5 to 25 per cent potassium chlonde m 0 005 N HjSOi) by vigorous shakmg 
After centnfugmg and filtermg, an ahquot of the supernatant liquid is used 
for oxidation of the thiamme to thioc^ome The flour may be extracted 
with water or buffer solutions and be given an mcubation treatment after 
addition of an enzyme preparation contammg phosphatase (such as taka- 
diastase and clarase) Aftei filtration, these extracts may be freed from 
possible contammants by the Decalso adsorption procedure and the potas- 
sium chloride eluates used for oxidation The flour may also be taken up 
m acid solutions which may be heated, cooled, and neutralized before the 
enzyme preparation is added 
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A sample of flom was assayed for thiamuie by the potassium chloride 
extraction piocednre described above and Avas found to contam 08 7 per 
gm A portion of this floui was enriched bj adding crystalline cocarbow- 
lase A\ hich when assayed a\ itli this procedure u as found to contam 3 6 7 per 
gm of thiamme The same value Avas obtained bA the other methods 111 
A\hich an enzyme digestion Avas used Quantitatne conversion of the 
cocaiboxylase to thiamme Avas obtained 111 1 lioui ?Lt 27 ° in the buffer or 
potassium chloride flour suspensions Extraction in 0 1 N sulfuric acid, 
0 1 N hvdrochlonc acid, and 2 per cent acetic acid a\ as obsei ved to inactivate 
the enzyme Cocaiboxylase and thiamme Aiere leadily diatmguished in 
this sample by takmg up the flour in boiling 0 1 x sulfuiic acid and heating 
to destioy the enzymes at the time of Aietting Whole uheat flour and first 
and second clear flours, which aie compaiatiielv rich m natural thiamme, 
w ere also assayed by hieaiis of this pioceduie w ith the same results as with 
the enzyme procedures These lesults confiim those reported by earlier 

Table I 


Tktainine Assay 


Heated 

Not healed 

Controls 

165 y cocarborylasc* 

Controls | 

1 165 y cocaibotylast 

Clarase 

No clarase 

Clarase 

No clarase 



CUrase 

NocUiis* 

104 

97 ' 

216 

97 

98 

96 1 

1 

204 

203 


* The molecular equivalent of 165 -r of cocarboxj lase is 1127 of thiamme hjdro 
chloride 


mvestigators, Avhich indicate that the natural thiamme of wheat doesno 
occui as cocarboxylase , 

The efficiency of cocarboxylase hydrolysis bj the enzymes m whole w ica 
flour AAas compared Avith those in clarase Sixteen 25 gm samples 0 ic f 
ground Athole Avheat flour Avere transferied to 500 ml ^ 

Eight of these Avere taken up in 300 ml of 0 05 M acetate buffer (p 
room temperature and to four of them a\ ere added 10 ml of solution con a 
mg 165 7 of cocarboxylase, coirespondmg to 112 7 of thiamme y 
ride 1 gm of clarase (m solution) aa^os added to duplicate sarnp es m 
group After bemg shaken, the flasks AA'ere allowed to stan 
then diluted to the mark, and assays for thiamme aa eie made by t e ^ 
adsorption procedure The remammg eight saniplet, Avere ta en '^P . 

ml of 0 1 N sulfuric acid and heated 30 mmutes m a bodmg 'va er 
destroy the Avheat enzymes The flasks aacib cooled and a 
4 0 AAuth sodium acetate solution before the cocarboxylase^n 
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ment‘!, as described foi the unhcatcd samples, ivere made Results of the 
thiimine assay are shown iii Table I 
It is apparent fiom these data that wheat contams a heat-destructible 
factoi capable of hj diolj zuig cocarbovylase The average thiamme lecov- 
erv fiom 1G5 7 of added cocarbo\ylase by the clarase and wheat enzymes 
w as 109 7 (theorj , 112 7 ) oi GO per cent as thiamme chloride hydrochloiide 
equnalent, which is in sitisfactoiy agreement with the G9 per cent equiva- 
lent leportcd bv Heniicssv and Ceiecedo (5) 

SUMMARY 

\\ heat flour has been observed to contam a heat-destructible factor 
capable of hydrolj zmg cocaibovylase In confirmation of the observations 
ot other mvestigatoi-s, evidence is presented that the natural thiamme of 
wheat does not occui as cocarbovylase and that an enzyme digestion m the 
thiochrome assay proceduie foi wheat flour is not required for the estmia- 
tion of the natural v itamm 


BIBLIOGRAPHY 

1 Weqlard, J , and Tauber, H , J Am Chem Soc , 60, 2263 (1938) 

2 Hilbe, J J , and JIarrow , T U , Proc Iowa Acad Sc , 47, 235 (1940) 

3 Sisakyan, N M , and Kobyakova, A , Btokhxmtya, 6, 225 (1940) 

4 Tauber, H , Proc Soe Exp Btol and Med , 37, 541 (1937) 

5 Hennessy, D J , and Cerecedo, h B. ,J Am Chem Soc , 61, 179 (1939) 

6 Melniek, D , and Field, H , Jr , / Biol Chem , 127, 531 (1939) 

7 Booth, R G ,J Soc Chem Ind , 69, 181 (1940) 

8 Shetlar, M R , and Lyman, J F , Cereal Chem , 18, 666 (1941) 




A METHOD FOR THE QUANTITATIVE MICRODETERMINATION 
OF GLUCOSE AND MALTOSE IN MIXTURES* 

Bi D VNIEL LUZON MOHRIS 
(From the Putney School, Putney, Vermont) 

(Ilccei\cd for publication, April 14, 1944) 

Mixtures of glucose and maltose, which almost always contam dextiins 
as well, result from the diastatic bieakdoivn of starch or glycogen In 
rerent x ears several methods have been developed for the analysis of such 
niLxtures These haxc been ot two fundamental types, the so called bio- 
logical ones, which depend upon yeast fermentation under such conditions 
that only one of the sugars is attacked, and the so called chemical ones, 
which rely on reagents that wall be m some way selective for the different 
sugars Examples of the first type are the methods of Somogyi (1) and of 
Schultz et al (2) An evomple of the second type is the method of Sichert 
and Bleyer (3) Somogyi’s method seems to be the only one of these that 
has been used for micro work Sichert and Bleyer’s reagent, which reacts 
only with glucose m a mixture, unfortunately will not work at all imless 
there is more than 20 mg of glucose present ‘ 

This paper describes another method, of the chemical type, the possibili- 
ties of which seem to have been little explored This depends on the fact, 
often overlooked, that, although different reagents (alkaline femcyanides, 
copper solutions, or hypoiodites) are reduced by both glucose and maltose, 
the reduemg power of glucose has a different ratio to that of maltose with 
each reagent Thus, Braun and Bleyer (5) have pomted out that, with 
Fehhng’s solution, maltose and glucose have the same reduction per mole 
of sugar, hence, by weight, maltose gives about 53 per cent as much reduc- 
tion as glucose The figures of Hanes (6) show that over the first mg his 
femcyanide reagent is leduced nearly as much (about 82 per cent) by mal- 
tose as by the same weight of glucose It should therefore theoretically be 
possible to detenmne the i eduction of a mixture of the sugars by each of 
two such reagents, and by the solution of a pair of simultaneous equations 
to arrive at the separate concentrations of the sugars For practical rea- 
sons, the equations to be solved must be Imear and their accuracy must be 
very high Furthermoie the total reduction of a mixture of glucose and 

* Aided by a grant from Mead Johnson and Company 

* An unsuccessful attempt to adapt this reagent to the micro range is reported 
elsewhere 

’ The abstract of a paper by Popov has appeared (4) The method outhned there 
IS the same in principle as that described here Unfortunately, no details are given, 
and the original paper is not available 
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maltose must be exactly equal to the sum of the reductions of the sugars 
alone 

Reagents — ^The reagents that were chosen for this m\estigation iiere the 
Hagedorn-Jensen. ferricyanide reagent and a modification of Somogyi’s 
“high alkalmity” copper reagent (1) Both of these give lesults which are 
highly reproducible, and they show a satisfactory difference in their glucose 
to maltose reduction latios 

The Hagedorn-Jensen reagent, as commonly used foi the determination 
of blood sugar, has an upper limit of about 0 3 mg of glucose By simply 
usmg a larger quantity of the leagent one can extend the lange to about 0 8 
mg To 5 cc of the sugar solution m a 25 X 150 mm test-tube arc added 
5 cc of the Hagedorn-Jensen feriicyanide-carbonate solution The tube is 
covered ivith a bulb blown fiom glass tubing (6) and heated for 15 mmutea 
in boilmg water After coolmg, 5 cc of the zmc sulfate-potassium iodide 
solution are added plus 3 cc of 5 per cent acetic acid The surplus lodme 
IS titrated with 0 005 n thiosulfate, and the titration volume is subtracted 
fi om that given by a blank determmation To avoid errois due to the e\ ap- 
oration of lodme, the glass bulbs are left m place until the instant of titra- 
tion, and the first few diops of thiosulfate are allowed to wash down the 
sides of the tube 

Over the workmg lauge of this reagent, the deviations fiom Imeanty of 
its reduction (expressed m cc of thiosulfate solution) by glucose or maltose 
are less than the experimental eri or (0 01 cc ) It w as not thought practica 
to try to extend the range any fuither, since m the case of Hanes’ modifica- 
tion (6) there is a definite curvature beyond about 1 mg The equation or 
the reagent is G = 0 18657, where G represents mg of glucose and Fis cc 
of 0 005 N thiosulfate The total reduction of a glucose-maltose mixture is 
equal to the sum of the sepaiate reductions of the sugars, and the reduction 
of maltose is 0 811 tmies that of an equal weight of glucose “ 

The copper reagent gave moie trouble With Somogyi’s 
reduction of a mixture of glucose and maltose is equal _ 

sepaiate reductions, provided both are calculated as glucose 
the glucose reduction is not Imear, xvhereas over the fiist mg the ica 
reduction is The complications mtroduced by these facts were a 
overcome ivhen it ivas noticed that the glucose-thiosulfate curve s ra 

’ The glucose used for standardization had been recrystallized from jnd 

and dried to constant weight at 78° in vacuo over PjOs The maltose w 
Amend’s c p maltose which was recrystallized from 60 per cent a co ,jp[,y(lrous 
amount of water contained in crystalline maltose varies, the quan of 

sugar was determined in three ways by acid hydrolysis follow e ^ ° basis 

glucose, by the determination of optical rotation (found, [“Jd “ + ’ p,0i 

of the acid hydrolysis figures), and by drying the sugar at 11 
The three methods gave figures concurrent within a few tent s o 


reagent (1) ffi® 

the sum of the 
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ened out at about 0 4 mg , and ^\ as peifectly Imear up to values considerably 
be^ ond 1 4 mg The equivalent of 0 1 to 0 6 mg of glucose was therefore 
added to the reagent itself Thus the quantity of glucose actually m the 
analjsis mixture was ne\er less than 0 4 mg , but the reduction due to this 
first 0 4 mg occurred also m the blank When this w as subtracted from the 
total reduction (which happens automatically when the titiation value for 
the determmation is subtracted from that for the blank;, the difference bore 
a Imear relation to the glucose m the unknown, the Ime passmg thiough the 
origm 

To prepare the reagent, SO to 100 mg of glucose are added to each hter of 
Somogyi s “high alkahnitj ” reagent, and enough extia potassium lodate 
(2 5 to 3 5 cc of 1 V solution) is added to brmg the blank up to the usual 
pomt The resultmg solution is not perfectly stable, the blank rises by a 
few hundredths of 1 cc per daj (more rapidly m hot weather), but it need 
normally not be determmed more than once a day After the blank titra- 
tion has risen by more than 1 cc , it may be brought back by the addition of 
more glucose (30 mg per hter of reagent per cc of thiosulfate) No varia- 
tions m the accuracy of the solution have been detected even after a number 
of such additions The technique for the use of the reagent ls as described 
bi Somogyi (1) 

The equation for this modified Somogyi reagent is G* = 0 148F The 
reduction by a given quantity of maltose is 0 578 times that of an equal 
weight of glucose,'* and the reductions of glucose and maltose are additive 

Determination and Calculations — Given these reagents, with the charac- 
teiistics cited, the procedure for the analysis of a mixture of glucose and 
maltose is as follows Equal quantities of the mixture are determmed, m 
duphcate, -with each of the tw o reagents The reduction for each is calcu- 
lated as glucose In the foUowmg calculations J?cu <md R^e represent these 
reductions for the copper and ferncyanide reagents respectively Then 
from the precedmg paragraphs, R-pe = (? -|- 0 811il/ (il/ bemg the mg of 
maltose) and i?cu = G -f- 0 578il/ By subtraction, Epe “ f?Cu = 0 233iV/, 

— 4 29(Efo — Rcu) By substitution of this value of M m either of 
the first two equations, the value for G is found 

Analysis of Mixtures Containing Reducing Dextnns — Smce the reducmg 
power of dextnns is mdefinite, no purely chemical method can be used for 
the complete analysis of mixtures that contam them The analysis is pos- 
sible, however, if yeast fermentation is used If a mixture is fermented 
with yeast, glucose and maltose are destroyed, and the reduction due to 
these sugars alone can be measured by the determmation of reduction before 
and after fermentation In such a case the method of this paper is immedi- 

* This figure is very different from that employed by Stark (8) who used a factor of 
about 0 645 
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illustrative Experiments 

A solution of the2yZdu?«l *” “ 78“ over PA 

^ P'^od“cfc nas made containing 1 621 mg in 5 cc Ke 

Tablb I 


Sugars ta^cQ 

- •V OJ ulucose aiu 

Redaction found as glucose 

i Maltose 

1 Sagan calculstcd 

GJucose 

I^tose 

%c 

^Cu 

Glucose 

1 Maltose 

«r 

0 656 

0 326 

0 164 

0 164 

mt I 

0 163 

0 491 

0 163 

0 653 

me 

0 783 

0 725 I 
0 293 

0 689 

me 

0 745 I 
0 610 

0 253 

0 536 

me 

' 0 651 1 

0 325 

0 154 

0 157 

1 "/ 

1 0 163 

0 494 

0 172 

0 656 


Determinatton of Glucose ar^ Malty ,n / 631 Mg Semples of Dextn Maltose, mth 
1^0/ Fermentation with 15 Per Cent nf vL, 


Solutions 


Redoctjoa ughicote 


Before fermentation 
After “ 

Difference (=■ reduction of glucose + maltose) 



ni 

0 526 
0 149 
0 377 


ugars calculated, glucose 0 050 mg , maltose 0 666 mg 


Then some nf +k of this was determined with each of thereagenta 

veast foi 2 n ^ was fei-mented with 15 per cent of washed fresh 

solution ufl« bemg used The reduction of the fermented 

and malt ^ firmnied From these data the concentrations of glucose 

n T ‘^^I'^ulated The results are shown m Table H is a 

cnecJv., 0 1 per cent nf , . . , . , pf the 


nlsAni- 0 7 -“■--Uiaieu j,ne rcsuits are shown m 'Table u 

dn\tr/m sodium carbonate was added to some 

xKjaliod ^ f so ution, which was then fermented with 10 per cent of 
ri * j ^ mmutes (1) The reduction of the fermented solution 
as determmed with the copper leagent The difference between thn^ re- 
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duction and that of the original solution should lepresent glucose, which 
alone is ferniented under these conditions The maltose can be calculated 
rom the difference in reduction between the solutions ivhich had been 
ermentcd wr^h and w ithout sodium carbonate These results aie given m 
table III The agi cement between the two methods is satisfactory “ 
Glucose and Maltose during Fermentaiwii— The follo^vmg e\permient 
Illustrates the potentialities of the method A solution w as prepai ed con- 
tammg, m 5 cc , 0 399 mg of glucose and 0 409 mg of maltose To some of 
his was added 10 per cent of washed yeast, and the mL\ture was kept at 


Table III 

Determination of Glucose and Maltose in 1 63i Mg Samples of Dexlri-Maltose, by 
with and without Sodium Carbonate 


Solutiom 


Reduction as glucose, 


Before fermentation 
After buffered fermentation 
unbuffered fermentation 


mi 

0 526 
0 466 
0 149 


Sugars calculated, glucose 0 060 mg , maltose 0 518 mg 


Table IV 

Changes Due to F ermentation by Yeast in a Mixture Originally Containing 0 399 Mg of 
Glucose and 0 409 Mg of Maltose 


SaluUoos 

Reduction 

Sugars destroyed 

•^Fc 

^Cu 

Glucose 

Maltose 


mi 

mi 

mi 

mi 

Original solution 

0 728 




Alter 15 min fermentation 

0 218 

mm 

m 

0 141 

“ 34 “ “ 

0 157 

mm 


0 222 

“ 72 ** 


0 062 

0 385 

0 309 

“ 120 “ » 


0 027 

0 401 



^28 At mtervals samples were wnthdrawm and centrifuged to remove 
be jeast Reduction values were determmed upon the origmal solution 
and also the fermented samples The results are given m Table IV It 
tvill be noted that all of the glucose was destroyed m the first 15 mmutes, 
■whereas some maltose was still present after 2 hours In Table IV the 


The sodium carbonate buffer was used in this experiment in preference to the 
P osphate recommended by Stark and Somogyi in a more recent paper (9) It was 
oimd that the concentration of phosphate recommended there caused errors of the 
order of 15 per cent in determinations with the “high alkalinity” reagent 
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results -ft ere calculated to pve the amount of sugar destroyed by the end of 
the time noted, smce this is the only basis on n liich calculations can be made 
■vnth the usual fermentation mixture, m uhich many reducing substances 
besides glucose and maltose may be piesent In the present case, hoiiei er, 
the data may also be used to calculate the amounts of sugars still prml 
m the solution If dhis is done, it uill be found that there are errots 
throughout, nhich had compensated one another m the first calculation 
The figures foi the reduction of the ongmal solution utU be found to gae 
glucose 0 372 mg and maltose 0 438 mg , these are roughly 0 03 mg too 
low and too high respectively The residual glucose after fermentation had 
bepin utII be found to be a negative quantitj varj mg from -0 01 to -0 03 
mg Such errors represent about the maximum uncertamty of the method 

DISCUSSION 

Any method uhich depends, as this one does, on the differences betueea 
experimental data is susceptible to rathei large errors, and these mil be 
larger, the smaller the differences In the present method the first step m 
the calculation is a multipheation by a factor of more tfian 4, the error n 
theieby mcreased T-fold Smce, ex en xinth the exceedmgly reliable reagents 
used here, errors of as much as 0 003 mg are not uncommon, and the 
errors of the tu o reagents may be additive, it is clear that an ox er all error 
of 4 X 0 006, or more than 0 02 mg , is to be expected The method canno 
be effective at all unless the most precise techmque is used It b recoin 
mended that the glucose factors for the txxo rer gents be checked agams 
each other from time to tune, as a new solution, or uncontrolled x'ana i^ 
in experunental conditions, may change one of them All that is requ 
IS to determme the reduction of any one solution of pure glucose ni i 
reagents Assummg that one factor is correct, the other is calcu e r 
it , agam it must be stressed that an error of only 0 5 per cent m t e ^ 
xalues of the factors xviU pve an error of 2 per cent m the calcu 
Errors affectmg both reagents equally (such as variations m the 
tion of the thiosulfate solution xvith temperature) are of shg t iro^ 
since such errors are not mcreased in the calculations It ® (rlucotc- 
that, whereas corrections do occasionally haxe to be made m 
thiosulfate factors, the glucose-maltose ratios for each reagen ne 

to a detectable degree rirawbackto 

Such a relatively large error as 0 03 mg is of course a suscep- 

the method It can only be said that fermentation met , jg^pj^ntiug 
tible to errors xVhich are as peat There is always dilution o 
solution by the j east itself smce the sugar must penetm e 

XX alls to be fermented, it must be assumed that some of ten ^ 

constituents of the solution xxill likewise penetrate e 
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renio\ cd ith it It has m fact been lound in this laboi atoiy that a solution 
of pure maltose, bulTeied witli sodium caibonate and then treated mth 
jeast, shows in appiient loss of reducing mateiial which can be due only to 
this dilution effect The highest theoretical euoi caused by this with 10 
pel cent of j cast w ould of cQume be 10 pei cent (assummg the yeast to be 
largelj w iter) 1 he cri ors actualh found ma\ be about half this amount 
The net eiior is smallei, in a fei mentation experiment, the smaller the 
reduction of the feimented solution 

SUMMAni 

Glucose and maltose Ime different lelatne reducmg powei w'hen deter- 
rmned with diffeient reagents If the total reduction of a mixture of the 
two IS detemimed with an alkalme copper and an alkahne ferncyanide 
reagent, it is possible to calculate the concentration of each m the mixture 
bj the solution of a pan of simultaneous equations Results obtamed m 
this waj are satisfactory, though eiiois may be as large as 0 03 mg The 
causes of error aie discussed 

A modification of Somogyi’s “high alkalmitj ” reagent is desciibed, which 
gives Imear proportionalitj between glucose taken and thiosulfate used ovei 
the range 0 to 1 mg 
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THE CHEMISTRY OF THE LIPIDS OF TUBERCLE BACILLI 

lAVII THE LIPIDS OP THE HUJLVN TUBERCLE BACILLUS H 37 
CULTIVATED OX A DEXTROSE CONT VINING MEDIUM* 

Bi M M CREIGHTOX.t L H CHANG, and R J ANDERSON 
{From the Department of Chemtatry, Yale Umveraity, New Haven) 
(Recened for publication, April 21, 1914) 

The high percentage of lipids differentiates the tubercle bacillus and acid- 
(!' ° general from other microorganisms However, the amount 

of hpids m acid-fast bacteria varies not only from strain to stram but also 
^vlth the composition of the medium (1) Results obtamed m this labora- 
toiy mdicate that the hpids of the human tubercle bacillus, Strain H-37, 
when grown under identical conditions but at different tunes on the Long 
S3TithetiG medium (2) show ^*ide \ anations m the amounts of various lipid 
fractions and also m chemical constants (3, 4) Similar variations \\ere 
found m this laboratory m a comparative investigation of five different 
strains of human tubercle bacilh, four of which had been recently isolated 
from human cases of tuberculosis (4) 

In other mvestigations^ conducted m this laboratory on the chemistry 
of the pathogenic imcioorgamsm Phytomonas tumefaciens it was found, 
when the bacteria were cultivated m a S3mthetic medium m which glycerol 
was the chief source of carbon, that the growth was shght and the bactenal 
cells contamed only 2 per cent of hpids However, when sucrose was added 
to the medium m place of glycerol, the bactenal growth was more luxunant 
and the hpid content of the bactena amounted to about 6 per cent (5) 

In view of the results with Phytomonas tumefaciens it appeared of mterest 
to study the lipid production and the chemical composition of the hpid 
fractions of the human tubercle bacillus when cultivated on a modified 
Long synthetic medium m which glycerol was replaced by dextrose 
Through the cooperation of Sharp and Dohme, Glenolden, Pennsylvama, 
we Were provided with a lot of tubercle bacilli, Stram H-37, which had been 
cultivated on the modified Long synthetic medium The bacdli Mere 
extracted and the hpid fractions were separated essentially as desenbed m 
previous studies (4) 

Accordmg to the results of our earhei mvestigations the alcohol-ether 

* Tbe present report is a part of a cooperative investigation on tuberculosis, it has 
been supported partly by funds provided by the Research Committee of the National 
Tuberculosis Association 

t Holder of a National Tuberculosis 4s'Ociation Fellowship at Yale Umversity, 
1939-40 

‘ These experiments were conducted in collaboration with The International 
Cancer Research Foundation, Philadelphia and Dr A J Riker of the Umversity of 
Wisconsin 
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again cooled in ice water The slight precipitate that separated was filtered 
off, washed with acetone, and dried The two precipitates mentioned 
above were combined, givmg a total weight of 8 0763 gm The matenal was 
a nearly white powder which melted at 41-44° It contamed a trace of 
phosphorus 

The Acetone-Soluble Fat — ^The acetone mother hquor from the low melting 
wax was evaporated to dryness and the residue consistmg of acetone 
soluble fat was further dried tn vacuo It formed a soft brown salve liie 
mass with a perfume-like odor and it weighed 7 4733 gm 

The Chloroform-Soluble Wax — ^The bactenal residue from the alcohol 
ether extraction was extracted four tunes with chloroform-ether, equal 
parts 2 hters of solvent were used for each extraction The bactenal cells 
were filtered off and washed with chloroform-ether and dned The diy 
bacterial residue weighed 86 gm 

The chloroform-ether extracts were combmed and evaporated to dryness 
in vacuo The residue was dissolved in hgrom and the solution was forced 
through a Chamberland filter under carbon dioxide pressure The filter 
was washed three times with hgrom No unfiltrable hpid was noticed on 
the filter 

The clear filtrate on concentration to dryness left a nearly white «Avy 
residue which weighed 7 8 gm For purification the substance was dis 
solved m 100 cc of ether and precipitated by the addition of 250 cc of co 
acetone The substance was filtered off and reprecipitated m the same 
manner The final purification was earned out by diMolvmg the 
tate m 125 cc of ether and addmg 250 cc of cold methyl alcohol ® 

precipitate was filtered off, washed with methyl alcohol, and dned 
The product was a white powder which weighed 7 1 gm It m® ^ 
about 53° and contamed a trace of phosphorus and 0 39 per cent of m 
The Firmly Bound Lipids — The bactenal residue was examined or 
bound hpids as follows 10 gm of the dned cells were treated wi 
of a mixture of alcohol and ether, equal parts, contammg 1 25 cc o 
centrated hydrochlonc acid at 45-50° for 2 hours After tte mr 
cooled, the cells were filtered off and washed with alcohol The ce r 
was next extracted under a reflux with 100 cc of chloroform^ 
parts, at 45-50° for 2 hours After the mixture had cooled, e c 
filtered off and washed with chloroform-ether The ' ^^eIghed 

repeated three times After the cell residue had been dne , i 

8 5164 gm yellowish 

The bpids recovered from the acid alcohol-ether not 

sohd wax-hhe mass which weighed 0 2127 gm This rac i 

further exammed ntrated 

The chloroform-ether extracts were combmed and conce 
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reduced pressure to a volume of about 150 cc To the solution was then 
added 1 0 gm of solid sodium bicarbonate m order to remove any hydro- 
chloric acid After the niLxture had stood overnight, the solution was 
filtered and the filtrate was evaporated to dryness The residue which 
weighed 0 8903 gm was dissolved m 10 cc of ether and precipitated by 
addition of 30 cc of cold acetone The piecipitate was filtered off, washed 
with acetone, and dried The substance was a white powder which weighed 
0 8392 gm and it melted at about 44° It was free from phosphorus 


Table I 

Lipid Fractions from Tubercle Bacilli, Strain H-S7, Grown on Dextrose Containing 

Medium 


Fraction 

No 

Description 

Mp 

N 

P 

Weight 



C 

per cent 

per cent 

gfn 

I 

Low melting wax 

50-56 

0 26 

0 58 

1 5265 

II 

<( ti t* 

41-44 


Trace 

8 0763 

III 

Acetone soluble fat 




7 4733 

IV 

CHClj soluble wax 

53 

0 39 

(t 

7 8000 

V 

Bound lipids 

44 


None 

9 4858* 

Total lipids 

34 3619 


• Calculated value 


Table II 

Products Obtained from 77 Cultures of Tubercle Bacilli Cultivated on Dextrose Contain- 
ing Medium 



im 

Total lipids 

34 3619 

Polysaccharide 

1 0887 

Extracted bacterial residue 

76 5142* 

Total dry bactenal mass 

111 9648 

* Calculated value 


The total bound lipids from 10 gm of partly defatted bacilh amounted 
to 1 103 gm , corresponding to 11 03 per cent of the bacterial residue 
The hpid fractions isolated are summarized m Table I 
Isolation of Polysaccharide — The polysaccharide contamed m the aqueous 
solution which remamed after the hpids had been extracted from the con- 
centrated alcohohc and alcohol-ether extracts as previously mentioned was 
isolated m the usual manner by means of basic lead acetate and ammonia 
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The lead precipitate ivas decomposed uith hydrogen sulfide and after the 
lead sulfide had been filteied off, the filtrate u as concentrated under reduced 
pressure to a thick syrup which was dehj diated by grmdmg under absolute 
alcohol The substance w eighed 1 08S7 gni but it w as not further examined 
The total yield of niatenal obtained from the 77 cultures that acre pro 
vided for this mvestigation is summanzed m Table II 
It will be seen from the data m Table II that the total hpids amounted to 
30 6 per cent of the diy bacilli -Vlthough no phosphatide could be found, 
it IS evident that the total lipid content w as about the same as that obtained 
when the bacdh are cultivated on the ordinary glycerol-containing Long 
medium 


Analysis of the Acetone-Soluble Fat 

Constants of the Fat — The acetone-soluble fat had the following constants 
lodme No (Rosenmund-Kuhnhenn method) 5a 5, sapomfication No 137, 
cid No 68, ester No 69, Reichert-Meissl No 6 5, PolensLd No 57, 
unsapomfiable matter 7 36 per cent 
Sapomfication of the Fat — The fat, 5 84 gm , was saponified by refluxing 
with 100 cc of 4 per cent alcoholic potassium hydroxide for 5 hours m an 
atmosphere of nitrogen The solution xvas concentrated by distillation to 
a volume of about 50 cc , diluted with water, and the unsapomfiable matter 
was extracted ivith ether The unsapomfiable matter obtained on evapora 
tion of the ethereal solution xvas agam refluxed for 2 hours wth alcoholic 
potassium hydroxide, after which the unsapomfiable matter was isolate 
as mentioned above The alkalme solutions were combmed and examine 
for water-soluble components and fatty acids 

The unsapomfiable matter formed a thick amber-colored mass t 
weighed 0 4303 gm , correspondmg to 7 36 per cent of the fat Tho su 
stance had a pleasant odor and the lodme number was 127 8 j fh 
Isolation of the Fatly Acids — The alkalme soap solution xvas acidified xn^^ 
hydrochlonc acid and the fatty acids were ex-tracted xvith ether “ ° , 

to remove phthiocol and certam acids the ethereal solution xvas ex 
with five portions of 1 per cent aqueous sodium bicarbonate solution 
ethereal solution xvas then dned over sodium sulfate, filtered, an e e 
xxas distilled off The lesidue consistmg of higher fatty acids xveig e 
gm , corresponding to 69 5 per cent of the fat , 

Delenmnalion of Phthiocol — The sodium bicarbonate ex-trac xv i 
dark red m color xx’as acidified xvith hydrochlonc acid and 
ether The ethereal solution was dried over sodium sulfate, q^j m 
the ether xvas distilled off The dark colored residue weig e 
The phthiocol contamed m this matenal xvas isolated os 
ously (4) but the amount xvas too small to be obtamed in pure 
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form The phthiocol wis therefore estimated bj the colorimetric method 
(8) and amounted to about 2 5 mg The substance slioued the reactions 
of phthiocol It lias easih soluble m dilute sodium bicarbonate, ivath a 
bright red color and on acidification the color turned \ ellouash A solution 
m dilute methyl alcohol deposited a few small yellow 013 stals 
Examinalion of the Aqueoits Solution — ^The acidified aqueous solution 
from which the fatty acids had been extracted iias examined for trehalose 
and glycerol by the method formerly described (4) \ carboh3diate 

fraction which gave a iMolisch reaction was isolated bv means of basic 
lead acetate and ammonia The carbohydrate weighed 63 mg An 
attempt was made to acetylate this product m p3Tidme with acetic anhy- 
dride and a water-insoluble acet3 1 dern ative w as obtamed but the amount 
was too small to permit of its isolation m crystalhne form 
The filtrate from the basic lead acetate precipitate was examined for 
glycerol but none w as found 

Examination of the Fatty Acids — ^The fatty acids, 4 06 gm , were sepa- 
rated by means of the lead salt-ether procedure and gave 0 765 gm of solid 
acids and 3 278 gm of liquid fatt3 acids The solid acids w ere not further 
exammed The liquid fattx acids were esterified and gave 3 315 gm of 
methyl asters which were distilled m a high xacuum at a temperature 
between 140-210'’ through a modified Widmer column The distillate 
was a yellow od which weighed 2 093 gm and the iodine number was 21 
The residue m the distdhng flask was a thick dark od, 1 20 gm , and the 
lodme number was 46 This fraction was not further exammed 

The distdled esters after reduction with hydrogen m the presence of 
platmum oxide w'ere completely saturated, as the iodine number was 0 
The hydrogenated esters were saponified with alcohohc potassium hydrox- 
ide The free acids w ere isolated, after w hich the lead salt-ether sepai ation 
was repeated The sohd reduced acid weighed 0 281 gm and was not 
further exammed The hquid saturated acids isolated from the ether- 
soluble lead salt weighed 1 788 gm , [«]„ = •4-4 57°, mol w t 362 

The hqmd saturated fatty acids were estenfied with diazomethane and 
were fractionated and refractionated through a modified Widmei column 
mto four fractions Fractions I and II, total weight 0 63 gm , were 
optically mactive but the free acids, 0 60 gm , obtamed on saponification 
of the esters were partly solid The lead salt-ether separation was there- 
fore repeated The sohd acid obtained from the ether-insoluble lead salt 
weighed 98 mg The liquid acid isolated from the ether-soluble lead salt 
weighed 0 497 gm This acid was a hquid at room temperature It 
was optically inactive and the molecular weight deterrmned by titration 
was 308 This acid would correspond therefore to somewhat impure 
tuberculosteanc acid 
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Fraction III of the esters had [a]o = +7 7“ and the free acid, 0 73 gm , 
obtained on saponification was a thick oil with a neutral equivalent of 396 
Fraction IV of the esters had [alo =+6 5° The free acid, 0 286 gm , 
obtained on saponification was a thick oil and had a neutral equivalent of 
436 

No attempt was made to purify these acids further but the properties 
and dextrorotation would mdicate the presence of phthioic acid 
Exarmnalion of the Wax Fractions — ^The wax fractions Nos 1, 11, and IV, 
Table I, had similar properties and were combmed For saponification 
15 5 gm of this matenal were dissolved m 120 cc of benzene and 2 5 gm of 
potassium hydroxide dissolved m 20 cc of methyl alcohol were added 
The solution turned cloudy and after a short time it gelatinized After 
the mixture had stood overmght, it was heated to boiling, whereupon most 
of the precipitate dissolved but a hard insoluble mass remained on the 
bottom of the flask The yelloivish supernatant solution was decanted and 
the flask was rmsed several times with hot benzene 

The benzene-insoluble matenal was examined for polysacchande as will 
be descnbed later 

To the benzene solution were added 2 gm of potassium hydroxide dis 
solved m 3 cc of water and 30 cc of methyl alcohol and the solution wm 
refluxed m a water bath for about 7 hours The solution was concentrate 
by distillation to a volume of about 50 cc and transferred to a separatory 
funnel with ether, after which it was shaken with an excess of dilute hy f®" 
chlono acid m order to remove the potassium salts The solution af r ' 
had been washed with water until the washmgs were neutral to htmus was 
dned over sodium sulfate, filtered, and concentrated to dryne^ un w 
reduced pressure The residue was a yellowish oil when warm an a so 
wax-like mass at room temperature The product was dissolved m cc 
ether and diluted with 100 cc of acetone On coohng m ice water, a w^^ 
precipitate separated which was filtered off and washed with acetone 
substance was designated Fraction I It weighed 6 8 gm ih 50 cc 
The filtrate was concentrated to a small volume and diluted w 
of alcohol The white precipitate that separated was filtere o , 
with alcohol, and dried This matenal. Fraction II, weighe j^ium 
The filtrate from Fraction II was neutralized with 
hydroxide and an alcohohc solution of lead acetate was a e 
The lead salt that separated was filtered off, washed with alco o , 

thus givmg Fraction III , nressure to 

The filtrate from above was concentrated under reduce ^ 
dryness, after which it was transferred with ether and water ^ jjjjxture 
funnel The aqueous layer was acidified with acetic aci ^ ^ off and 
was thoroughly shaken, after which the aqueous portion was 
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discaided The etheieal solution aftei it had been washed free of acetic 
acid Mith water i\as extiacted mth 2 5 per cent aqueous potassium hydrov- 
ide m order to remove any fatty acids that had not been precipitated as 
lead salts The alkalme extract j lelded Fraction IV 
The ethereal solution i\as next washed with water, dried over sodium 
sulfate, filtered, and the ether was distilled off The residue consisting of 
neutral matenal was designated Fraction V 
Fraclion I Crude Mycohe Acid — The substance was dissolved in 50 cc 
of ether and the solution w as diluted with acetone On coolmg in ice w ater, 
a fine globular precipitate separated which was filtered off, washed with 
acetone, and dried in an The substance weighed 6 2 gm and melted at 
55-56° Its properties w'ere smular to those of mycolic acid The molec- 
ular weight deternuned by titration was 1445 In chlorofoim solution 
the substance showed no optical lotation 
Fraclion II was probably niamlj crude mycolic acid but it was not 
exammed 

Fraction III — The dried lead salt was treated with ether and the insolu- 
ble portion was filtered off and discarded The ethereal solution was 
freed from lead bj means of dilute hydrochlonc acid, after which it was 
washed with watei, dried over sodium sulfate, filtered, and evaporated to 
dryness The residue was a shghtly j'ellowish thick oil at room tempera- 
ture which weighed 1 4 gm 

Ttlralion — 0 3372 gm of acid dissolved m 30 cc of ether plus 10 cc of 
alcohol required 7 94 cc of 0 1 N KOH Found, mol wt 424 
Rotation — 0 5321 gm of acid dissolved m chloroform and diluted to 10 cc 
gave m a 1 dm tube a = -J-O 44°, hence, [ajp = -fS 2° 

Judging by the rotation and molecular weight the acid is somewhat 
impure phthioic acid 

Fraction IV — The alkalme solution was acidified ivith dilute hydrochloric 
acid and extracted wath ether The ethereal solution was washed wath 
water, dried over sodium sulfate, filtered, and evaporated to dryness The 
residue was a thick yellowash od which partly solidified at room temperature 
Rotation — 0 3616 gm of acid dissolved m chloroform and diluted to 10 cc 
gave in a 1 dm tube a = -|-0 20°, hence [aln = +5 5° 

Judgmg by the rotation and properties this acid also contamed phthioic 
acid 

Fraction V — The neutral fraction weighed 0 3 gm It was a shghtly 
3 ellowTsh solid which showed ci 3 '’stallme structure The substance crystal- 
lized fiom ethyl acetate m aggiegates of small prismatic crystals After 
two recrystallizations from eth 3 l acetate 50 mg of colorless crystals were 
obtained The crystals melted at 73-74° In cr 3 stal form and meltmg 
point the substance was identical with phthiocerol 
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The Polysaccharide — ^The insoluble product which separated from the 
alkaline benzene solution of the wax weighed 1 6 gm It was treated with 
a small amount of watei; and gave a cloudy strongly alkahne solution 
The solution was shghtly acidified with acetic acid, which caused a precipi 
tation of fatty acid The addition of neutral lead acetate gave a further 
precipitate which was filtered off and washed with water The poljsac- 
chande con tamed in the filtrate was isolated m the usual maimer by means 
of basic lead acetate and a mm onia The lead salt was decomposed with 
hydrogen sulfide and the filtrate from the lead sulfide was concentrated to 
a thick syrup which was dehydrated by gnndmg under absolute alcohol 
until a w hite pow der w as ob tamed After the powder had been filtered off, 
washed mth absolute alcohol, and dried in vacuo, it weighed 0 5 gm The 
substance gave the usual color reactions for pentose with phloroglucmol 
and orcmol This polj saccharide is therefore s imil ar to the polysacchande 
contained m the wax of the tubercle bacillus cultivated on glycerol-con 
tainmg medium 


SUMJIARY 

1 The total hpids of the human tubercle bacillus , Stram H-37 , cultivated 
on a modified Long synthetic medium m which dextrose replaced glycerol, 
amoimted to 30 6 per cent, which is comparable to the hpids obtained from 
tubercle bacilli grown on the regular Long medium 

2 The hpids chd not contain any phosphatide 

3 The only hpid fractions that could be isolated were acetone solub e 
fat and a low meltmg wax 

4 The acetone-soluble fat on analysis was similar m composition to c 

fat elaborated on a glycerol-contammg medium Tuberculosteanc aci^ 
and phthioic acid were present and also the pigment phthiocol The a 
contained no glj cerol but a carbohydrate w hich could not be defimte y 
identified . 

5 The w ax fractions differed from the waxes isolated from the tu er^ 

baciUus cultivated on a glycerol-contammg medium in that no high me m 
wax could be foimd , 

6 The low meltmg wax, however, gave on analysis certain of t e a 
tenstic components of the tubercle baciUus wax, namely, mycolic aci , 
alcohol phthiocerol, dextrorotatory fatty acids analogous to p t oic 
and a polysacchande that contamed pentose 


BIBLIOGRAPHY 


Sod 


1 Wells, H G , and Long, E R , The chemistry of tuberculoM, Ba ^ ^ 

edition (1932) Long, E R , and CampbeU, B B. , ITCT i , 

(1922) Pfannenstiel, W , 2 fft/ff, 96, 87 (1922) Chargaff, B . 



CO to 


CREIGHTON, CHANG, AND ANDERSON 


579 


Chcm , 201, 198 (1031) , 217, 115 (1933) Chargaff, E , and Dieryck, J , Btochem 
Z , 255, 319 (1932) 

Long, E R , and Seibert, F B , Am Rev Tuberc , 13, 393 (1920) 
jVnderson, R J , / Btol Chem , 74, 625 (1927) 

4 Crowder, J A , Stodola, F H , Pangbom, M C , and Anderson, R J , J' Am 

Chcm Soc , 68, C36 (1930) 

5 Geiger, W B , Jr , and Anderson, R J , / Biol Chem , 129, 519 (1939) 

6 Sabin, F R , Physiol Rev , 12, 141 (1932) 

7 Anderson, R J,J Biol CTem , 83, 505 (1929) 

8 Reeves, R E , and Anderson, R J , J Btol Chem , 119, 543 (1937) 




THE CHEMISTRY OF THE LIPIDS OF TUBERCLE BACILLI 

LXVIII THE LIPIDS OF CELL RESIDUES FROM THE PREPARATION OF 

TUBERCULIN* 

By M M CREIGHTONt and R J ANDERSON 
{From the Department of Chemistry, Yale University, New Haven) 
(Received for publication, April 21, 1944) 

In 1939 considerable quantities of tubercle bacilli residues from the 
preparation of a special lot of PPD (1) imder direction of Dr F B Seibert 
were furnished us through the generous cooperation of Sharp and Dohme, 
Glenolden, Pennsylvama The hpid constituents from these cell residues 
were extracted with two objects m view (a) to obtam larger quantities of 
certam of the specific hpids, especially tuberculosteanc acid, phthioic acid, 
phosphatide, etc , (6) to study the chemical composition of the bpid frac- 
tions m comparison with the lipids isolated from the human tubercle bacillus 
Stram H-37 which have been under mvestigation m this laboratory dunng 
the past several years 

The results of the isolation procedures mdicated that the cell residues 
yielded phosphatide, acetone-soluble fat, and wax that were m many 
respects s imil ar m solubdity properties to analogous fractions previously 
isolated from Stram H-37 However, m the chemical analysis of the 
phosphatide prepared from the cell residues decided differences m apparent 
chemical structure of the polysaccharide component were noted (2) The 
reason for this difference might depend upon the stram of bacdh or on the 
treatment of the cultures dunng the preparation of PPD In the analyses 
of the chloroform-soluble wax which will be descnbed m a later report 
several higher fatty acids were found which were not encountered m the 
wax obtamed from Stram H-37 

In the preparation of PPD the bacterial cultures were heated for 3 hours 
m an Arnold stenlizer at a temperature of about 100° The only changes 
that might occur dunng the heatmg would be m the nature of hydrolysis 
but this operation could not result m the formation of new fatty acids It 
would appear therefore that the differences noted m composition of the 
hpid fractions must depend upon the stram of bacilh that was used 

The only information obtamable concemmg the stram of bacilh that was 

* The present report is a part of a cooperative investigation on tuberculosis, it 
has been supported partly by funds provided by the Research Committee of the 
National Tuberculosis Association 

t Holder of a National Tuberculosis Association Fellowship at Yale Umversity, 
1939-40 
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used m the productioa of this special lot of PPD ivas thit a 

tLo QL j ^ ^ designated “0 T strain ” In 

f L Dohme laboratoo it Mas labelled “strain No 2067 ” It 

time ^ determined at tins 

phItldeTn^ S'*-"*” 2067 produces phos- 
products from fh r extent in composition and cleavage 

Td be?n cl T'. although both stm.i 

medium^ 


EXPERIilEATAL 

LonirtT^iL^f bacilli had been cultivated for a penod of 8 weeks on the 
stenliypr f ^ Cultures were then heated m an Arnold 

werp ff After the material had cooled, the bacterial cells 

ninniift ^1 ’ ‘^^*'***®*^ "ater, and suspended in an adequate 

shinnpr? +i,^^a alcohol Contained in 5 gallon Pvre\ bottles and 

ri Chemistrv Laboratorj' Six such bottles were 

received m good condition 

bottle were added 5 titers of alcohol* and the contents were 
oug y mixed The bottles were allowed to stand at room tempera 
re or a couple of days untd the bacterial cells had settled, after which 
tne supernatant solution w as siphoned off To the ceU residue were added 
1 , alcohol with thorough mixing and after the cells had 

^ ^ ^ *^lcar supernatant was siphoned off The cells were next 
ex racte four times at room temperature 6 hters of alcohol and ether, 
equal parts, were used for each extraction After the cells had settled, the 
supernat^t was siphoned ofif but after the last extraction the cells were 
altered ofif and washed with alcohol-ether 

The cell residue w as next extracted exhaustively with a mixture of chloro- 
orm and ether, equal parts, foi the lemoval of chloroform soluble wax 
Followmg each extraction the cells were filtered off and washed with 
chloroform-ether 

For the remox al of fiimlx bound lipids, the cell residues, after the chloro- 
form ether extraction, xxere treated with a mixture of 2 liters of chloroform 

‘ MI solvents had been carefulli purified and redistilled before they were used 
The alcohol had been distilled ov er potassium hydroxide The ether was freed from 
peroxides, dned over calcium chlonde, and distilled over potassium hydroxide 
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and 2 liters of ether eontaining 50 cc of coneentrated hydrochloric acid. 
Folloiiing thib treatment tlic cells i\crc further e\tiacted intli chloroform- 
ether, equal p irts llie cells Mere rcmo\ed by filtration and Mashed Mith 
chloroform cthei 

Separation of the Lipid Fractions — ^Ihe alcohol and alcohol ether extracts 
Mere combined and concentrited under reduced pressure until the lipids 
began to separate due to the presence of Mater deu%ed from the bacterial 
cells The lipids Mere extracted Mitli sei'eral portions of ethei, and the 
ethereal extracts Mere foiced through Chamberland filters under carbon 
dioxide pressure The lipids Mere separated into phosphatide, a Iom melt- 
ing Max, and acetone-soluble fat b\ the method described in a former 
report (1) 

The chloroform-ether extracts Mere concentrated at a temperature of 
about 40°, a current of carbon dioxide being passed through the solution, 
until the ether Mas removed The chloroform solution Mas then forced 
through a Chamberland filter undei carbon dioxide pressure In only one 
ease m as a small amount of unfiltrable hpid (5) obsen'ed The clear filtrate 
Mas concentrated under reduced pressuie to dryness 

The F irmly Bound Lipids — The combined chloroform-ether extracts m ere 
freed of hydrochloric acid b\ shaking m ith solid sodium bicarbonate After 
filtration the extracts Mere concentrated to a small xolume and forced 
through a Chamberland filter under carbon dioxide pressure A veiT small 
amount of unfiltrable bound hpids Mas obtamed For purification the 
bound hpids Mere precipitated fiom ether solution by addition of acetone 
and coolmg m ice Mater until a neaih nhite pouder M'as obtamed The 
mother liquors on evaporation to dryness yielded a soft Max-like residue 
The firmly bound hpids Meighed 115 7 gm , of which 6 16 gm Mere unfil- 
trable hpids 

Isolation of Polysaccharide — After the alcohol and alcohol-ether extracts 
of the bacterial residues had been concentrated and the hpids contamed 
therein had been extracted Math ether, there remamed an aqueous solution 
denied from the moist bacteria This solution was concentrated under 
reduced pressure to a volume of about 400 cc and a solution of neutral 
lead acetate was added m slight excess The resulting precipitate was 
filtered off, washed with Mater, and discarded The filtrate was concen- 
trated to a volume of about 150 cc and the polysaccharide was precipitated 
b\ means of basic lead acetate and ammoma The lead salt was filtered 
off, washed with dilute ammonia, suspended m Mater, and decomposed 
M ith hydrogen sulfide The filtrate from the lead sulfide m as concentrated 
to a thick syrup and the latter Mas tnturated under absolute alcohol until 
a nearly white powder was obtamed which was filtered off, washed with 
absolute alcohol, and dried m vacuo The amounts of polysacchande 
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obtained were small, the total yield bemg 20 1 gm The product gave the 
Mohsch reaction and the usual pentose color reactions 

Results 

The phosphatides nere isolated separately from each lot of bacterial 
residues by addition of acetone to the ether solution and purified by from 
ten to fourteen precipitations m the same maimer The final precipitation 
was done by pourmg the ethereal solution mto a large volume of ice-cold 
acetone, whereupon the phosphatide separated as a nearly white compact 
powder The analyses of the phosphatide fractions are given in Table I 
It will be noted that all the fractions were very similar m composition 
Low Melting Wax Recavered /roin Mother Liquors in Purification of the 
Phosphatide — The mother hquors from the purification of the phosphatide 
were concentrated by distillation until the ether was removed The solu- 
tion, on coohng m ice u ater, deposited a brownish sohd precipitate which 

Table I 


Composition, of the Phosphatide Preparations 






M p with 

Lot No 

height 1 

Phosphorus 

Vitrogco 



gm 

per cent 

per «nt ' 

c 

I 1 

31 77 

3 10 

0 78 i 

202-215 

2 

49 64 

3 52 


204-205 

3 

46 60 

3 50 


160-103 

/ -1 

39 24 



200-203 

5 

41 OS 

3 54 


6 

37 22 

3 78 

0 51 1 

190-105 


was filtered off and washed with cold acetone A total of 234 gm 
matenal was obtamed and it was purified by precipitation from ether so u 
tion first by addition of acetone and later by methyl alcohol until a nem > 
white powder resulted 'which weighed 163 gm and melted unsharp i u 
44r-51“ The mother liquors on concentration gave a dark colore , - 
sohd mass ^ 

The Acetone-Soluble Fat — The mother hquors after the low me mg 
was removed as mentioned above were concentrated to dryness 
residue was a reddish brown thick oil that weighed 218 ® 

Isolation of Phthiocol and Anisic Acid from the Aceloiie-Solit c a 
acetone-soluble fat was dissolved m ether and extracted ethereal 

sodium bicarbonate solution until the extracts w ere colorless ® 

solution was washed with w ater, dned ov er sodium sulfate, ^ 

the ether was distilled off The dark colored, oil 3 '' fat residue w eig 
gm 
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The sodium bicarbonate c\Uacts, \\luch \scie bright red m color, weie 
combined and examined for phthiocol and mij acids that might be present 
1)\ the methods previously descnbed (4) The only substances that could 
be identified were phthiocol and anisic acid Estimation of phthiocol in 
the sodium bicarbonate solution bv the coloiimetiic method (6) indicated 
that 0 1763 gm of fiee phthiocol was pieseiit The substance was isolated 
and punfied by repeated lecrystallization from methyl alcohol and gave 
57 S mg of yellow piisinatic needles which melted at 172-173° 

The anisic acid w as isolated and purified by ciystalhzation from watei 
The neld was 0 ISIS gm of colorless needles, m p 283-284° 

A. number of othei acids were present but could not be identified 
V more complete analy sis of the acetone-soluble fat will be reported m a 
separate paper 

The Chloroform- Sohthlc Wax — The crude chloroform-soluble w a\ obtained 
on eiaporation of the chloroform solution as mentioned earher weighed 
308 6 gm For purification the w a\ w as dissoh ed m ether and precipitated 
by the addition of methyd alcohol and cooling in ice w ater These opera- 
tions were repeated until a nearly white powder was obtamed The 
purified wax weighed 232 6 gra and melted at 53° 

The mother hquors on evaporation to dryness gave a soft salve-like mass 
which weighed 75 5 gm 

The properties and composition of the purified wax xviU be reported in 
a separate paper 


SUMSIAKT 

The hpids contamed m tubeicle bacilli residues from the preparation of 
PPD have been extracted and separated mto phosphatide, low melting wax, 
acetone-soluble fat, chloroform-soluble wax, and firmly bound lipids 
In solubihty these lipids resemble analogous fractions previously isolated 
from tubercle bacilli, Strain H-37, but cei tarn differences have been observed 
in chemical composition The differences in composition of the hpids 
must be due to the variety of the stiain of bacilli grown for the production 
of PPD 
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THE CHEMISTRY OF THE LIPIDS OF TUBERCLE BACILLI 

LXrx THC COMPOSITION OF THC ACETONE SOLUBLE FAT OF CELL 
RESIDUES FROM THE PREPAR,VTION OF TUBERCULIN* 

Bi CH VRLES 0 EDENS, t M M CREIGHTON,! and R J ANDERSON 
(F rom the Department of Chemistry, Yale University, New Haven) 
(Received for publication, April 2S, 1944) 

As described m the preceding paper (1) a quantity of acetone-soluble fat 
had been prepared from tubercle bacilli residues which remained from the 
production of a special lot of tuberculin or PPD This fat has been 
exammed m order to dete rmin e whether it contained characteristic com- 
pounds such as tuberculosteanc acid (2, 3), phthioic acid (2, 4), the pigment 
phthiocol (5), and other constituents similar to those previously isolated 
from the acetone-soluble fat of the human tuberele bacillus, Stram H-37 

It has been shoivn m a previous report (6) that the carbohydrate fraction 
contamed m the phosphatide isolated from the cell residues from the prepa- 
ration of PPD differed from the carbohydrate contamed m the phosphatide 
prepared from livmg tubercle bacilh, Stram H-37 It appeared of mterest 
therefore to determme whether the acetone-soluble fat also differed m 
composition 

After saponification of the fat and extraction of the fatty acids the water- 
soluble component was isolated and identified as trehalose, thus confirming 
our earher observations that trehalose occurs m the fat of the tubercle 
bacillus m place of glycerol (7) Phthiocol and anisic acid were also iso- 
lated and identified 

The fatty acids were separated mto sohd and hqmd acids by the lead 
salt-ether procedure The unsaturated acids present m the hqmd acid 
fraction were hydrogenated and removed as ether-msoluble lead salts The 
ongmal sohd acids and the solid acids obtained on hydrogenation were not 
further mvestigated 

The saturated hqmd fatty acids obtamed from the ether-soluble lead 
salts were converted mto methyl esters and the esters were separated by 
fractional distillation The lower boiling ester fraction was optically 
mactive and on saponification it gave an optically inactive acid which was 

* The present report is a part of a cooperative investigation on tuberculosis, it 
has been supported partly by funds provided by the Research Committee of the 
National Tuberculosis Association 

t Holder of a National Tuberculosis Association Fellowship at Yale University, 
1941-42 

t Holder of a National Tuberculosis Association Fellowship at Yale Umversity, 
1939 -^ 
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liquid at room temperature In general properties this acid corresponded 
to tuberculosteanc acid This fraction was, honever, not homogeneous 
since, when its methyl ester was subjected to careful fractionation, it was 
sepaiated into several fractions and j lelded different acids onsapomficatioa 
One of these acids appeared to be a new acid which showed a slight levorota 
tion and corresponded to the formula CisHssOj About one third of the 
original ester was apparentlj pure methyl tuberculostearate The end 
fractions were contaminated with dextrorotatory esters 
The higher boihng ester fraction was dextrorotatory and on sapomfica 
tion it gave a dextrorotatoiy acid which m its general properties resembled 
phthioic acid A more careful fractionation of this acid, which will be 
descnbed in a later report, showed that it was a mixture of several higher 
acids that vaned m the magnitude of devtiorotation and in composition, 
but one fraction corresponded m pioperties to phthioic acid 
The results obtamed in the present ia% estigation mdicate that the fat 
contamed some of the characteristic compoimds previously isolated from 
the fat obtamed from Strain H-37, but in addition Afferent liquid saturated 
fatty acids w ere also present 


EXPERIMENTAL 

The isolation of the acetone-soluble fat was descnbed in the precedmg 
paper (1) The folloivmg constants were determmed saponification No 
213 3, lodme No 82 3, Polensk4 No 0 52, Reichert-Meissl No 3 45, free 
fatty acids 25 14 per cent, neutral fat 69 38 per cent 
Saponification of the Fat — Of the origmal fat, which weighed 209 8 gm t 
5 2 gm were reserved To the remainder were added 9 1 gm of a nuxtuie 
of free fatty acids and neutral fat recovered from analytical (^eratiom, 
hence a total of 213 7 gm of fat was saponified by remixing for 6 bourn m ^ 
an excess of 5 per cent alcoholic potassium hydroxide m an atmosp er^ 
nitrogen The solution after it had been concentrated to aboid ^ 
of its origmal volume was diluted -mth water and the unsaponifiab e ma 
was extracted wuth seven portions of ether The ethereal solu ^ 
evaporated to dryness and the residue w as refluxed for 6 hours Wit 
potassium hydroxide After the sapomfication nuxture had been 
trated, it was diluted with water and again ex-tracted wnth severa po 

of ether sulfate, 

The ethereal solution was washed with w ater, dried over so 
filtered, and the ether was removed by distillation The resi 
of unsapomfiable matter was a thick, dark colored visoo^ 
weighed 39 IS gm , correspondmg to 18 3 per cent of the a ^^^£224 
ponifiable matter was highly unsaturated and had an lodme nu 

Isolation of the Fatly Acids — ^The combmed alkaline so “ ,j.Qpi,ionc 
unsapomfiable matter had been removed were acidifie wi 
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acid and the fatty acids were extracted with ether The aqueous solution 
was examined for trehalose as will bo described below 
The ethereal solution containing the fatty acids was first extracted -with 
several portions of 0 5 per cent aqueous sodium bicarbonate in order to 
remove phthiocol, anisic acid, and other substances The separation of 
these products will bo described later The ethereal solution was next 
washed with water, dned over sodium sulfate, filtered, and the ether was 
distilled off The crude fatty acids after drymg in. vacuo weighed 142 85 
gm , correspondmg to 67 per cent of the onginal fat 
Examvialton of Ihc Sodium Bicarbonate Extract — The solution was acidi- 
fied w ith hydrochloric acid and extracted with ether The ethereal extract 
w as w ashed with water, dried over sodium sulfate, filtered, and the ether 
was distilled off The residue after drymg in vacuo weighed 10 32 gm By 
means of the methods described earlier (5) it was possible to isolate phthiocol 
and anisic acid from this fraction The balance of the matenal represented 
a mixture of acids from which no pure substance could be isolated 
The crude phthiocol fraction weighed 0 730 gm For purification the 
substance was sublimed The sublimate consisted of dehcate yellow prisms 
and weighed 162 mg , m p 174° 

The crude anisic acid weighed 0 645 gm It was purified by several 
recrystallizations from dilute alcohol and was obtamed as dehcate color- 
less prismatic needles which melted at 183-184° 

Isolation of Trehalose — The acidified aqueous solution from which the 
fatty acids had been extracted was neutralized with potassium hydroxide 
and evaporated to dryness under reduced pressure The residue was 
extracted with 70 per cent alcohol for the removal of water-soluble com- 
ponents The carbohydrate contamed m the solution was isolated as 
described m a previous paper (8) The crude carbohydrate m the form of 
a white powder weighed 4 28 gm The substance was acetylated by 
refluxmg wuth acetic anhydride and fused sodium acetate The reaction 
mixture was poured mto water and shaken until the acetic anhydride was 
decomposed, after which the acetyl derivative was extracted with chloro- 
form The chloroform solution was washed with water until the washmgs 
were neutral to htmus, dned over Na^SOi, filtered, and concentrated to 
dryness The residue was recrystalhzed twice from methyl alcohol 
Colorless needle-shaped crystals were obtamed which weighed 3 50 gm 
The crystals melted at 78-80°, Wo m CHCI3 = +162 9° The crystal 
form and properties show that the substance was trehalose octaacetate 
Separation of the Fatty Acids — ^The total fatty acids, 142 8 gm , were 
separated mto sohd and liquid acids by the usual lead salt-ether procedure 
The regenerated sohd and liqmd acids were subjected a second tune to the 
lead salt-ether separation 

The Solid Acids — The sohd fatty acids isolated from the ether-insoluble 
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lead salts weighed 36 29 gni and were nearly free fiom unsaturated acidj 
since the iodine number was only 2 9 The onl}”- acid identified m thb 
mixture was hexacosanoic acid The other components appeared to be a 
nuxture of palnutic and stearic acids 
Isolation of Hexacosanoic Acid — The solid fatty acids were dissohedin 
300 cc of hot alcohol As the solution cooled, thin plate shaped crystals 
separated The crystals, after they had been filtered off, isashed with 
alcohol, and dried, weighed 1 85 gm and melted at 82-84° The acid 
after it had been recrystalhzed from alcohol and from acetone melted at 
86° and there was no depression of the raeltmg point when mixed with 
normal hexacosanoic acid which melted at 88° The molecular weight 
determmed by titration xvas 389 The data indicate that the acid was 
nearly pure normal hexacosanoic acid 

The Liquid Fatly Acids — ^The liqmd fatty acids isolated from the ether 
soluble lead salts formed a dark colored oil which weighed 96 8 gm and 
had an lodme number of 68 3 The acids were esterified by refluxmg with 
absolute methyl alcohol contaming 5 per cent of dry hydrochlonc acid 
The ester was isolated and distilled in a high vacuum through a modified 
Widmer column The distillate was a light yellow oil which weighed 
66 9 gm and had an lochne number of 50 8 The non-volatile portion o 
the ester weighed 31 7 gm and had an iodine number of 117 This frac 
tion was not further exammed , 

The distilled ester was dissolved m a mixture of alcohol and etto an 
reduced with hydrogen in the presence of platinum oxide The , 
ester was completely saturated, as it absorbed no lodme It was . 

and the free acids were isolated In order to remove the sohd reduc 
acids the lead salt-ether separation was repeated twice 

The liqmd saturated acids obtained from the ether-soluble Iw i= 
weighed 44 17 gm and the molecular xveight by titration was 362 
room temperature it was a thick oil , ^ 

The sohd reduced acids obtained from the ether-msoluble ea 
weighed 17 87 gm This fraction was not further exammed _ 

The Liquid Saturated Fatty Acids — The liquid saturated fatty aci 
esterified by refluxing with absolute methyd alcohol contaming 
of dry hydrochlonc acid and the ester was isolated m the usu 
The ester which presumably consisted of a mixture of met y 
stearate and phthioate was fractionated at a pressure of 0 00 
a modified Widmer column On redistillation at the same pr^s 

fractions weie collected ere distih^ 

The first two fractions havmg a total weight of 17 4 „ ^erc 

with the oil bath at a temperature of 160-205 ese meth'I 

optically inactive and corresponded in general properties 
ester of tuberculosteanc acid 
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The next intermediate fraction, weighed 2 02 gm and showed a dextro- 
rotation of 0 55° 

The next fiv e fi actions w ere distilled w ith the temperature of the oil bath 
from 234-300° 1 he total w eight of these fiactions was 25 19 gm and they 

laned in specific rotation fioni -1-10 3° to -fll 9° The dextrorotation 
would indicate that these fractions consisted largely of methyl phthioate 
However, the moleculai weights of these fractions calculated from the 
saponification equivalents vai led from 425 to 430 Smee methyl phthioate 
has a molecular weight of 410, the values found would mdicate that the 
ester was not pure 

It will be shown in a subsequent paper that the dextrorotatory ester 
fractions described above yielded on careful fractionation a senes of esters 
that vaned m optical rotation and m molecular weight 

Examtitatton of Oplically Inacliie Liquid Saturated Fatly Acid Esier ^ — 
The optically inactive ester mentioned above was sapomfied and the free 
acid was isolated and subjected to a second lead soap-ether treatment A 
small amount of ether-insoluble lead salt was removed by centrifugation 
and discarded The acid obtamed from the ether-soluble lead salt weighed 
15 6 gm 

For further purification the acid was estenfied with diazomethane and 
the methyl ester was carefully fractionated through a special column at a 
pressure of 1 5 mm - Several different ester fractions were separated and 
examined 

A small amount, 1 23 gm , of esters of normal sohd acids was separated 
dunng the fractionation The solid acids thus removed appeared to con- 
sist of a mixture of myristic, palmitic, and stearic acids 

The esters of the liquid saturated acids on contmued fractionation were 
separated mto three prmcipal fractions as mdicated below 

Fraction I — ^The ester, 0 49 gm , distilled at a column temperature of 
163° The ester showed a low levorotation, [a] I* m ether = —1 25°, 
1 4368 The free acid obtained on sapomfication of the ester was liquid 
at room temperature, fa]f in ether =—12° The molecular weight by 
titration was 299 

C„H,aO, (298) Calculated, C 76 51. H 12 75, found, C 76 47, H 13 10 

The results indicate that this acid is a new levorotatoiy acid of the for- 
mula CisHjsOj and hence isomeric with tuberculosteanc acid 

Fraction //—The estei, 3 1 gm , distilled at a column temperature of 
T^O-ISO” The index of refraction was 1 4372 The ester was optically 

* IVe are indebted to Dr Leonardo GingerandDr Sidney F Vebekof tbislabora- 
tory who earned out these experiments 

^ The fractionations were carried out by Dr Sidney F Velick through a special 
column which he had designed, a description of its construction and resolving power 
Will be published elsewhere 
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inactive and appeared to be pure methjl tuberculostearate The free 
acid was liquid at room temperature but it sobdified m ice water The 
molecular weight determined by titration was 299 The calculated luolec 
ular weight for CwHjsOj is 298 

Fraction III — ^This material, 3 15 gm , consisted of various end fractions 
which had been collected at column temperatures between 180-200'’ 
These fractions showed specific dextrorotations from +0 6° to +3 4° and 
were therefore contammated with small amounts of dextrorotatmg acids 

SUMMARY 

The acetone-soluble fat isolated from tubercle bacilh residues from the 
preparation of tuberculm has been exammed for characteristic constituents 
previously found m the fat of the human tubercle bacillus, Stram H 37 
The fat was aimdar m composition to the fats previously analyzed and 
consisted of fatty acid esters of the disaccharide trehalose 
Among the cleavage products liberated on sapomfication were the pig 
ment phthiocol and anisic acid 

The liquid saturated fatty acids contained m addition to tuberculostearic 
acid and phthioic acid several other higher liquid saturated fatty acids 
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CHEMIC.M. STUDIES ON POWDERED KERATINS 
Bv BEATRICE EDW VRDS* and JOSEPH I ROUTH 
(From Ihc Biochemical Laboratory, Slate University of Iowa, Iowa City) 
(Received for publication, May 15, 1944) 

Numerous studies have been made on the alteration of the characteristic 
properties of keratms by such chenucal agents as alkali, acid, sulfide, sulfite, 
ammes, guanidme, urea, and oxidizmg and reduemg agents An mcreased 
solubility and a decreased resistance to enzyme action were usually ob- 
ser\ ed Simdar changes ha^ e been produced by the mechanical breakdotvn 
of u ool keratm m a ball mill the wool was ground, an mcreasmg 
tion of its nitrogen and suEur became soluble m water (1, 2), and the 
powdered material was digestible by enzymes m tnlro (1) and in mvo (3) 
Similar chemical studies hat e been undertaken to determme the changes 
that occur when keratms other than wool are ground m the ball mill 


experimental 

The keratins employed m this mvestigation were human hair, chicken 
feathers, duck feathers, porcupme quill, turkey qudl, and turkey fan on 
siderable quantities of each material were carefully cleaned and e a e 
After the material was cut to uniform size m a Wiley mill, the keratins were 
powdered and screened as heretofore described (2) Prior to anaysis 
samples were dried m a vacuum oven at 65° and stored m a vacuum esic 
cator over phosphorus pentovide 

Extracts of the powdered material were piepaied by suspendmg samples 
(6 to 7 gm ) m water (35 ml ) with stirrmg for 15 mmutes The suspensions 
were centrifuged, the supernatant hquid was removed, and t e process 
repeated three times The residue after extraction was dried m a vacuum 


oven _ 

Total mtrogen was determmed by Kjeldahl and total sulfur ^ ® 

dict-Dems methods Cystme determmations were made by the methods ot 
Shmohara (4) and SuUivan (5) The morgamc suKate content ot the 
extracts was determined gravimetrically aftei precipitation wi anum 

chlonde , , 

Separation of a powdered keiatm mto fractions of differen par ic e size 
was deemed unnecessarj because little chemical variation was o serve 

•The experimental data are taken from a dissertation ""bnntted by Beatrice 
Edwards to the Faculty of the Graduate College of the State ennhv July 

partial fulfilment of the requirements for the degree of Doctor o o , . 

1942 
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between these fractions This confirms the observations made on pow dered 
wool (2), chemical composition of the particles depended not on particle 
size but rather on duration of the grmdmg process The data presented id 
Tables I and II are therefore restricted to alterations m the composition of 
keratins as affected by the length of grmdmg The various keratins iiere 
usually ground by 500,000 and 1,000,000 revolutions of the ball mill To 

Table I 


Compoatlton of Keralins 


MftUn&l 

Ball xmll tevolutioas 

Nitrogen 

SuUur 

Cystine 


SuUivan 

Shioobtrs 



Perunt 

ftr unt 

pcf cenl 

ftrutU 

ftr uiU 

Hair 

None 

15 SO 

5 48 

16 45 

18 35 

os 


500,000 

15 77 

5 54 

13 75 

13 75 

09 


1,000,000 

16 41 

5 59 

6 74 

9 IS 

2 7 

Turkey fan j 

None 

15 93 

2 87 

7 65 

7 89 

17 


500,000 

15 95 

2 82 

5 24 

5 84 

1 9 


1,000,000 

15 81 ! 

2 93 

2 67 

2 01 

91 

'• quitl 

None 

16 03 

2 56 

7 SO 

7 48 

0 3 


500,000 

15 90 

2 71 

5 01 

509 

0 5 


1,000,000 

16 27 

2 63 

5 37 

5 63 

0 6 

Duck feathers 

None 

15 74 

3 25 

10 50 

9 50 

1 1 


500,000 

16 17 

3 13 

6 68 

7 24 

1 7 

Porcupine quill 

None 

15 96 

' 2 01 

5 11 

6 21 

0 2 


500,000 

15 96 

2 23 

4 21 

1 3 73 

1 0 5 

Chicken 

None 

15 95 

2 66 

5 80 

T 00 

1 1 1 

feathers 

100,000 

15 88 

2 99 

5 28 

6 25 

1 4 


200,000 

15 96 

2 97 

4 67 

6 16 

1 5 


300,000 

' 15 96 

2 92 

4 33 

5 42 

1 7 


400,000 

15 80 

2 90 

4 05 

4 82 

15 


500.000 

15 81 

2 90 

3 99 

4 42 


600,000 

16 16 

2 88 

3 73 

4 16 

3 0 


700,000 

16 19 

2 95 

3 66 

3 38 



800,000 

16 04 

2 94 

3 16 

2 20 



900,000 

16 45 

2 91 

2 58 

1 88 



1,000,000 

16 03 

2 84 

1 63 

1 96 

n 


1,500,000 

15 86 

2 84 

1 48 

2 43 



obtain more complete information about that keratm, one lot o ® ^ 

feathers ground for a total of 1,000,000 revolutions was sampleda m 
of 100,000 revolutions and another portion was ground by 1,5 > 
lutions . , t,„ jije 

'' The mtrogen content of the keratins was not appreciably a 
grmdmg process, but the water-soluble nitrogen mcreased wi n-uogea 
of grmdmg except m the case of turkey quill The water-so u 
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could be completely precipitated b> saturatioa of the solutiou with sodium 
sulfate, 20 per cent trichloroacetic acid precipitated 80 to 95 per cent of it, 
whereas 20 per cent sulfosalicyhc acid piecipitated none of it This sug- 
gests that the soluble fragments are of the approvimate molecular size of 
peptones The residue after extraction contamed slightly less nitrogen 
than the unextracted mateiial 

As mth pondered wool, the greatest changes weie observed m the cystme 
content of the keratins The \ alues bj both the Sullivan and Shmohara 

Table II 


Aqueous Extracts of Powdered Keratins 






SuUur coQteat of 










1 Water soluble fraction 



Ball 













/ Materul 

miU 

revolu 


Water 

aolu 



WaUt 

soiu 




Inor 


Is 



tioaa 

•2 

<a 

s 

ble 

(rac 

Uon 

due 

? 

W 

n 

3 

bie 

froc 

UOQ 

due 

5 

u 

a 

:3 

8 

ToUl 

same 

sulf 

ate 

(c) 

cys- 

tine 

w 

§5 

IT 

O 

a 

•a 

S 






D 







Pi 



millions 

per 

cent 

per 

cent 

o/W 

per 

cent 

P^f 

cent 

per 

cent 

0/(4) 

per 

cent 

cent 

per 

cent 

cJM 

per 

cent 

oHd) 

per 

cent 

"fW 

per 

cent 

njtd) 

per 

cent 

Hair 

0 5 

15 SO 

4 16 

15 43 

13 75 

EES 

12 61 

5 54 

1 58 

72 7 

19 6 

7 7 

5 09 


1 0 

15 41 

12 72 

relol 


2 36 

6 48 

5 59 


43 7 

17 2 

39 1 

5 20 

Turkey fan 

0 5 

16 12 

13 86 

15 52 

5 24 

1 44 

3 83 

2 82 

12 87 

35 5 

5 5 

59 0 

wail 


1 0 

15 81 

22 80 

15 37 

2 67 

9 43 

gliil 

2 93 

21 80 


19 3 

56 7 

2 54 

“ quill 

0 5 

15 90 

14 87 

15 83 

mmm 

1 43 

4 59 

2 71 

[ukQ 


6 8 


2 34 


1 0 

15 31 

11 86 

15 94 

5 37 

3 62 

4 25 

2 63 

8 15 

38 9 

22 2 

38 9 

2 57 

kiuck feathers 

0 5 

16 17 

14 78 

15 27 

6 68 

3 34 

5 23 


14 77 

42 2 

12 6 

45 2 

3 66 

Porcupine 

0 5 

16 22 

16 11 

15 84 

4 21 

3 68 

3 18 

2 23 

tTilial 

49 1 

11 8 

39 1 

2 27 

quill 

Chicken 

0 5 

15 91 

11 71 


3 99 


4 23 


11 25 

56 1 

6 7 

37 2 

2 90 

feathers 

1 0 

16 03 


14 97 

1 63 

15 06 

2 81 

2 84 

42 80 

36 6 

5 4 

mil 



1 5 

15 86 


15 17 

1 48 

34 40 

Itlgill 

2 65 


38 9 

12 8 

48 3 

2 78 




1 




1 









methods are given m Table I Smee the Shmohara method reacts to metals, 
and non from the ball mill was present m many of the hydrolysates, the 
1 alues given by the Sullivan method are considered more accurate and are 
used throughout m Table II Quahtative tests for cystme on water ex- 
tracts were uniformly negative After hydrolysis with 20 per cent hydro- 
chloric acid, extracts exhibited cystme values that mcreased wuth the dura- 
tion of grmdmg The residues after extraction contamed a smaller amount 
of cystme than the unextracted material, except m the powdered chicken 
feathers 
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The total sulfur content of the powdered keratins and of the readues 
after extraction uas affected onlj' shghtly by the grinding process The 
uater-soluble extracts contained increasing amounts of sulfur as grinding 
was prolonged In general the sulfur \alues for these fractions closeli 
paralleled the nitrogen lalues Inorganic sulfates accounted for appron 
mately one-fourth to one-half of the total soluble sulfur, while cystine sulfur 
made up about 5 to 22 per cent of the total Partially oxidized sulfur of the 
extracts calculated by difference accounted for approximately 40 to 60 per 
cent of the soluble sulfur 

With the exception of human hair, the keratins used m this mvestigation 
exhibited more pronounced chemical changes than wool when thej Mere 
ground m a ball mill A larger fraction of the mtrogen and sulfur of the 
ongmal keratm became soluble m water and the decrease m the cistme 
content was usually greater than that observed with w ool keratin These 
differences were especially apparent m the grmdmg of chicken feathers 
The degradation of these protems m the ball mill was accompamed by oxi- 
dation as noted previously (2) , only 5 to 22 per cent of the water-soluble 
sulfur w as m the form of cj^stme, while the rem ai nder w as either partiallj 
or completely oxidized to morgamc sulfates 

suaruAHT 

1 When the keratins of human hair, turkey feathers, duck feathers, 
chicken feathers, and porcupme quill were ground m a steel ball null, a 
marked decrease m the cystme content of the powdered material was o 
serxed The mtrogen and sulfur content of the keratins was not appre- 
ciably affected 

2 Aqueous extracts contamed mcreasmg amounts of mtrogen, 

morgamc sulfates, and partially oxidized sulfur compounds Wit ® 
exception of human hair, a larger fraction of the original keratm was so u e 
m water than that from wool i 

3 Mechamcal degradation of these keratins was apparently accompam^^ 

by oxidation, as evidenced by the decrease m cystme sulfur and the ^ 

of one-fourth to one-half of the water-soluble sulfur m the form o morgani 
sulfates 
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THE PHOTOFLUOROIMETRIC DETERMIX VTION OF ATABRINE 

Br iM E AUERBACH and H WILLI ECKERT 

{From the Research Laboratories of the Mtiithrop Chemical Company, Inc , Rens~ 

sclacr, Meto York) 

(Received for publication. May 6, 19W) 

Since the introduction of atabrme more than a decade ago, at least a 
score of papers have appeared dealing with its determination in the biologi- 
cal fluids and tissues The early w ork of Hecht (1) and of Tropp and Weise 
(2) established the geneial colorimetric methods upon which later con- 
tributions (3-9) were based Gentzkow (10) suggested a new approach, 
t e , a nephelometnc method mvolvmg the use of modified Tanret’s reagent 
With the help of these methods, the vanous authois and their coworkers 
ha\ e recorded a valuable bodj of data havmg to do with the el imin ation of 
atabrme m unne and feces, and its deposition m the various tissues Nei- 
ther the colonmetnc nor nephelometnc approach, however, is delicate 
enough for the estimation of atabrme m the blood of subjects undergomg 
normal therapeutic treatment For this purpose, only the extreme sensi- 
tivity of the photofluorometnc method suffices 
As early as 1933, Massa (11) published some observations on the fluores- 
cence of extracts prepared from the unne and blood of subjects undergomg 
atabrme medication In 1935, Roncorom (12), of the same laboratoi;)’- 
group, extended Massa’s obsen ations and stated that, for concentrations 
leas than 1 mg per cent, the fluorescence mtensity of atabrme solutions 
under Wood’s hght is proportional to the concentration of the drug 
Durmg 1943, the need for more extensive knowledge concernmg the 
distnbution of atabrme m the body partly manifested itself in the publica- 
tion of several papers The data of Dearborn, Kelsey, Oldham, and 
Geilmg (13) and of Scudi and Hamhn (14) mdicate that their methods, 
while suitable for the estimation of urme, fecal, and tissue concentrations, 
were not sufficiently sensitive for blood assays Each of these methods 
depends upon measurmg the fluorescence produced m amyl alcohol solu- 
tions of atabrme base The same solvent was utilized m 1939 by Dubost 
and Allmne (9) m conjunction with a visual type fluoroscope 
With the publication of the work of Masen (15) and especially of Brodie 
and Ddenfnend (16), the photofluorometnc assay of atabrme m blood 
attamed the status of a truly useful method Each of these is described 
as a simple method by the authors Neverthelfess, each involves mconven- 
lent comphcations The method to be desenbed here is felt to be simpler 
than any heretofore published At the same time, no concession has been 
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made as to sensitmty Indeed, if any thing, the sensitivity of the geneial 
method has been somewhat improved 
This improvement follows largely from the observation of Ferrari (17) 
that the fluorescence of solutions of acndme denvatives is mtensified 
the addition of caffeme sodium benzoate A survey of the effect of vanous 
media on the fluorescence of atabnne led the present authors to adopt 


Table I 

Relative Net Fluorescence ofOSyof Atabnne in IB Ml of Various Solvents (ffjO == 100) 


Solvent Ko 

Fluo* 

rescence 

Solvent No 

Fluo- 

resccoce 

1 OInHCI 

143 

20 Propylene dichlonde 

357 

2 01“ NaOH 

343 

21 “ “ 9 vol 


3 1% borax 

343 

umes + acetic acid, 1 vol 


4 10 ml 0 1 N HiSOi with 1 ml 


lime 

257 

caffeme reagent* diluted to 16 


22 Acetone 

114 

ml 

614 

23 Methyl isobutyl ketone 

114 

5 Same aa Solvent 4, but lacking 


24 “ n amyl ketone 

128 

caffeme sodium benzoate com 


25 Ethyl acetate 

U 

ponent 

457 

26 Amyl “ 

14 

6 Same as Solvent 4, but lacking 


27 n Hexane (skellysolve B) 

2 

only caffeme component (i e , 


28 Ethyl ether 

14 

eqmvalent amoimt of sodium' 

I 

29 Dibutyl ether 

R 

benzoate added) 

471 

30 2,2'-Dichloroethyl ether 

583 

7 Methyl alcohol 

343 

31 Benzene 


SUSP ethyl alcohol 

428 

32 Toluene 

1 14 

0 Isopropyl alcohol 

343 

1 33 Xylene 

i 43 

10 n-Butyl alcohol 

, 157 

1 34 Chlorobenzene 

2S 

11 Isobutyl alcohol 

471 

35 Tnchlorobenzene 

43 

12 n-Amyl alcohol 

257 

36 85% lactic acid 

471 

13 Isoamyl alcohol 

400 

37 Tetracbloroethylene 

ISO 

14 n-Hexyl “ 

200 

38 “ 7 vol 


15 Methylene chloride 

28 

umes + 26% (weight per 


16 Chloroform 

200 

volume) tnchloroacetic 


17 Carbon tetrachlonde 

14 

acid in absolute ethanol, 1 


18 Ethylene dichlonde 

243 

volume 


19 “ “ 9 volumes ± 




acetic acid, 1 volume 

486 


— - 


* Described below 


Ferrari's reagent Table I mdicates the surprising extent to wto c oi^ 
of solvent deterrmnes the fluorescence mtensity of atabnne e 
are not mtended to be taken as more accuiate than ±10 per cen 

InslTumeni — Of the three instruments with which the authois j 

extensive experience, the Coleman No 12 photofluorometer hM 
to be the most satisfactory This instrument is subject to e ^gCg,t m 
inherent m non-balanced circuits, but more than makes up e 
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supenor simplicity ind sensitn ity The filter 53 stem used by the authors 
consists of Corning Filter 5113 between the lamp and sample tube, and 
Cormng Filter 33S5 between the sample tube and photo element ‘ 

Reagents — 

NajHPOi 12H3O, 5 gm in 100 ml of watei 
0 I N (approximate) H-SOj 
0 05 N (approximate) NaOH 
10 per cent NaOH 
Ethyl ether 

Solution for intensify mg atabrme fluorescence (hereafter termed “caffeine 
reagent”) This solution is prepared as follows Dissolve 10 gm ofcaffeme 
sodium benzoate, U S P , m 30 ml of water and 40 ml of 95 per cent 
ethano] Add 20 ml of dietbanolanuae, dilute to 100 ml ivith mater, and 
mix Commercial samples of diethanolamine maj contam fluorescent 
impurities These maj be remoced by distillation under reduced pressure 
m an all-glass still The fluorescent mattei remains m the residue 
Standard Atabnne Solution — Dissolve 100 mg of pure atabrme dihydro- 
chlonde dihjdrate m water and dilute to exactlj' 100 ml Workmg dilu- 
tions should be prepared daily fiom this stock solution by dilutmg with 0 2 
per cent monosodium phosphate solution so that 1 ml of the final dilution 
contains 1 7 of atabnne 

Technique for Blood — Pipette 5 ml of oxalated w hole blood mto a 125 ml 
Sqmbb separatory funnel contammg 10 ml of 5 per cent disodium phos- 
phate solution Add 30 ml of ethei and shake for 3 minutes Very little 
emulsion forms Allow the tw o layers to separate and tap off the aqueous 
layer Wash the ether layer with three portions of about 5 ml of 0 05 n 
sodium hydroxide, and once with 5 ml of distilled water 
To the ether layer add 5 ml of 0 1 x sulfunc acid and shake for 30 sec- 
onds Collect the acid extract m a 25 ml glass-stoppered graduated 
cylmder Extract the ether with a second 5 ml poition of acid, adding the 
second extract to the first Wash down the stopper with about 2 ml of 
water, shake to collect as much as possible of the aqueous layer m the bot- 
tom of the funnel, and add this final wash to the collected acid extracts 
Dilute to the 15 ml mark with watei A.dd 1 ml of the caffeme reagent, 
stopper, and mix Ihe solution is then readj to lead m the fluorometer 
The standard for comparison consists of a mixtme of 1 7 of atabnne (1 ml 
of diluted standard) w ith 10 ml of 0 1 x H-.SOr and 1 ml of caffeme reagent, 
diluted to 16 ml with water Deduct from all leadings the apparent 
fluorescence of a blank consistmg of 10 ml of 0 1 x HiSOr plus 1 ml of 
caffeme reagent diluted to 16 ml with water 
This method has been applied successfullv to human, rat, dog, and rabbit 

* Corning Filter 34S6 was onginuUy used as the secondary filter, but after a per- 
sonal communication from Dr B B Brodie, Filter 3385 was adopted 
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blood Duck blood, which jeUies ven badlj, must be prepared in a 
special way Pipette 5 ml of oxalated duck blood into a test-tube, add 2 
ml of 10 per cent NaOH, stir with a glass lod, and digest foi 30 minutes m 
a water bath at 80° Mix the tube contents occasionally ivith the rod 
Cool and transfer the blood digest, with the aid of a minimum volume of 
w ater, to a separatory funnel Continue as already directed 

The alkahne digestion destioys the naturally occuning emulsifymg 
substances so completely that subsequent shakings w ith unimscible sob ents 
lead to no emulsification whatev'er For this reason, many analysts may 
prefer to assay all blood samples b\ this alternate method 

The method lends itself to multiple assay's One techmcian can readily 
handle twelve fuimels set up on one rack 

Technique for Unne — Urme is assay'ed m the same way as blood, e\cept 
that it IS always necessaiy' to dilute the sample because of the larger quanti- 
ties of atabnne present For example, after the oral administration of 
100 mg of atabnne, the average imtial 24 houi output of a man is about 
0 4 mg Urme of this concentration should be diluted four oi fiv e tunes 
before testmg In follow'mg the urmary' output of persons undergoing 
chrome dosage, it is often convement to omit the use of the caffeine reagent, 
and simply dilute the final sulfuric acid extracts to 25 ml before comparing 
with the standard sumlarly prepared For this purpose, use 1 ml of a 
special standard dilution contammg 10 y per ml 

Technique for Tissues — A w eigbed aliquot of the tissue is mmced m a 
Warmg blendor after bemg diluted 10 to 40 tunes wnth water 10 ml of 
the well mixed suspension are pipetted mto a test-tube and 2 ml of 40 per 
cent NaOH added Aftei bemg mixed with a glass rod the sample is 
digested for 30 minutes m a water bath at 80° The contents of the tube 
are then cooled and transferred wnth the aid of a little w ater to a separatop 
funnel Ether is added, and the determmation completed as already 
described for blood 

If the preliminary alkahne digestion is omitted, recoveries are 10 to 
per cent lower than otherwise This is particularly true of heart and ot er 
muscular tissue 

Accuracy of Method — Smee these procedmes were instituted, late m 
periodic rechecks of percentage recov'eries from the v’arious tissues show 
the loss inherent m the analyses amounts to not more than 2 per cent 
holds true when the atabrme reference standard is subjected to 
tion procedure, together with normal blood, unne, or tissue, as e c 
may be However, for the sake of convemence, it is lecommen ^ 
the reference standard simply be diluted with acid and caffeine 
given in the blood technique The apparent loss then becomes ^ 
(about 4 per cent) but recovenes are stdl within reasonable hmi 
representative recovery tests are outhned m Table II 
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Influence of Temperature on Fluorescence Intensity — It has been pointed 
out (16) that the temperature of the solvent affects the fluorescence 
mtensitj The quantitative relationship has been mvestigated and is 
indicated in Table III 


Table II 

Recovery Data Standard Not Subjected to Extraction Procedure 


Simple 

Atabrioe added 

Per cent 
recovered 




y 


5 ml 

^shole blood (dog) 

0 2 

96 

5 “ 

it 

it it 

0 6 

96 

25 “ 

urine 

(dog) 

2 0 

97 

25 “ 

it 

if 

2 0 

97 

25 gm 

hver 

it 

500 0 

96 

25 “ 

ii 

It 

500 0 

96 

25 “ 

it 

it 

500 0 

97 

1 “ 

brain 

it 

10 0 

96 

1 ■■ 

heart 

a 

10 0 

95 

25 “ 

<< 

it 

500 0 

96 

25 “ 

<( 

a 

500 0 

96 

5 ml 

whole blood (duck) 

0 2 

96 

5 “ 

l( 

a it 

0 6 

96 

5 “ 

it 

“ (dog) 

0 4 

96 

5 " 

it 

ti it 

0 4 

95 

5 “ 

a 

it it 

0 4 

95 


The last five analyses were made after preliminary digestion with sodium 
hydroxide 


Table III 


Relative Fluorescence Intensity at Various Temperatures, Expressed As Net Deflection 
{Galvanometer Divisions), with Instrument at Full Sensitivity 


Tanperature 


10 */ m 25 ml water containing 

caffeine reagent 

10 znL 0 1 H HsSOt 

C 



16 

52 

65 

20 

49 

57 

24 

48 

53 

25 

45 


26 

43 

50 

28 

41 

47 

32 

39 

43 

36 

37 

40 


These data clearly demonstrate that it is desirable to work at tempera- 
tures below 24° Loss of sensitivity at higher temperatures does not, of 
course, mvolve loss of accuracy, so long as both sample and standard are 
at the same temperature A question of practical importance is whether 
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the sample heats up to anj significant axtent during the short time it b 
held in the fluorometei 

To ansu er this question, the temperatuie rise u as determined in a sample 
kept in the instrument for 3 mmutes Readmgs were taken at the end of 
ei ery mmute The rise uas \ ery regular, amountmg to 0 5° per imnute 
The result was the same, regardless of whether the shutter between the 
mercury lamp and sample was kept open or shut 

In short, it is unnecessai-j to attempt to control the temperature of the 
sample durmg the fluorometi ic i eadmgs If the room temperature happens 
to be above 24°, the sensitii iti of the method suffers The only practical 
waj s to meet this difficultj u ould be to w ork in a controlled temperature 
room, or to employ a controlled temperatuie bath for the sample tubes 
Workers m tropical climates nught uell give further consideration to thb 
matter 


SUMMARY 

A fluorometnc assai method for atabrine in bodj flmds and tissues has 
been described The sensitn it% is such that a 5 ml sample of blood con 
taimng 0 1 7 of atabnne can be analyzed satisfactorily The sensitinty 
IS adequate for the analisis of blood levels following normal therapeutic 
dosage At the level of 40 7 pei liter of whole blood, the recoien loss b 
about 4 per cent, and can be leduced to about 2 per cent if normal blood b 
available The convemence and simplicitj of the method should make it 
especially useful to clinical laboiatories Techmcians with no previous 
specialized traimng hav e been able to achiev e satisfactory results after 
onl\ a few davs experience 

Durmg the y ear and a half the method has been used, a large number 0 
determmations have been made on blood, urine, and tissues from v anous 
laboratory ammals, as w ell as on human blood and urme Pharmacologi 
data including these anah tical results will be presented elsewhere 

Data are subrmtted to show the effect of soh ent and temperature on e 
fluorescence intensity of \ ei \ dilute solutions of atabrine 
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URINARY STEROIDS USE OF THE PERIODIC ACID REACTION 
IN THE MEASUREMENT OF NON-IOETONIC STEROIDS 
OBTAINED AFTER VARIOUS TYPES OF HYDROLYSIS* 

Br NATHAN B TALBOT and IRKA V EITINGON 

{Fromihe Dcpartmenlof Pediatrics, Harvard Medical School, andtheChildren’e Medical 
Service, Maesachusetls General Hospital, Boston) 

(Received for publication, April 14, 1944) 

In a previous paper evidence was presented which showed that, whde 
the conjugated urinary 17-ketosteroid, sodium dehydroisoandrosterone 
sulfate, was partially destrojed bi hjdiochloric acid hydrolysis, it could 
be recovered quantitatively m the fiee form after barium chloride hydrolysis 
(1) It was shoivn further that sodium piegnanediol glucuromdate can 
be hydrolyzed to free pregnanediol without destruction by means of an 
enzyme (2) The present paper extends these observations to include 
measurements of certam free steroids obtamed after barium chloride, enzj’"- 
matic, or hydrochlonc acid hydrolysis of extracts of urme from three 
patients with adrenal cortical i irilism 
Convenient methods are available for assaymg the 17-ketosteroid content 
of crude urme extracts On the other hand, measurement of urmaiy 
non-ketonic steroids has been more diflBcult because, ivith the possible 
exception of pregnanediol (3, 4), no sensitive assay procedures foi their 
deteimmation have been available That unne may contain quantities of 
mterestmg non-ketomc alcohohc steroids has been demonstrated bv Mar- 
iian and Butler who isolated a large amount of 3(a) ,17,20-pregnanetriol 
fiom the urine of a patient vith an adrenal coitical tumor (5, 6) Reich- 
stein and others (7) have shown that such steroids vath hydroxyl groups at 
positions 17 and 20 on the steroid molecule (I) may be oxidized readily to 


CH, 



HO HO 

(I) (11) 

* This work was supported by a grant from the Commonwealth Fund of New York. 
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a 17-ketosteroid (II) by penodic acid Fieser has recently called attention 
to the fact that this reaction is relatively specific and reasonably quantita 
tive and that the 17-ketosteroid formed by penodic acid should be detenm 
nable by available assay procedures ^ Accordingly, the present communica- 
tion reports observations on the application of this reaction to neutral 
non-ketonic substances obtained after the various forms of hydrolysis 
mentioned above The results obtamed mdicate that the penodic acid 
reaction should be a valuable adjunct to the measurement of urmaiy non- 
ketonic steroids and hence to studies of the excretory transformation 
products of steroid hormones 

Analytte Procedure 

Collection and Exlraclion of Unne — The procedure employed is similar 
to that used previously for the recovery of sodium dehydroisoandrosterone 
sulfate from unne (1) The unne is collected with 200 cc of n-butanol per 
liter added as a preservative It is extracted by shaking four tunes nith 
one-eighth its volume of n-butanol in a separatory funnel The combmed 
butanol extract is washed six times with one-twenty-fifth its volume of N 
sodium hydroxide solution The butanol extract is then washed repeatedly 
with one-twenty 'fifth its volume of 0 1 rr hydrochlonc acid solution until 
the washmgs have a pH of between 5 and 7 (red to htmus and to Congo 
red paper) The extract is finally Hashed two or three times wth one- 
twenty-fifth its volume of 0 1 n sodium acetate buffer solution (pH 6 0) 
The pH of these final washings should be between 5 5 and 6 5 The 
washed butanol extract is then evaporated to dryness m a vacuum dist^a 
tion apparatus at a temperature not exceedmg 25° The residue is dis 
solved m a small quantity of methanol (crude unhydrolyzed urme extract) 
The methanol solution of the extract is stable for several weeks at 0-5 

Hydrolysis of Crude Unhydrolyzed Unne Extract — ^Aliquots of the met a- 
nol solution of the unne extiact may be subjected to banum chlon e, 
enzymatic, or hydrochlonc acid hydrolysis as follows 

Banum Cklonde Hydrolysis — The procedure employed correspon 
closely to that descnbed for sodium dehydroisoandrosterone sulfate I J 
An ahquot of the methanol solution of the unne extract is 
dryness at a temperature not exceedmg 25° The residue is disso ' ^ 

100 cc of 0 1 N sodium acetate buffer solution (pH 6 0) and ^^6™ ° ^ ^ 
banum chlonde are added - The pH of the solution is then adjus 
value of 5 8 to 6 2 by the addition, as found necessary, of 0 1 n s 

1 Fieser, L F , unpublished observations , , gjifactinB 

» The free steroid content of this aqueous solution may bedetenmne g^tjact 

the solution with ether or ethyl acetate prior to heating and hydrolysis 
thus obtained is assaj ed as outlined below 
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hydroxide solution or of 0 1 N acetic acid solution ’ This aqueous solution 
IS overlaid with approximatelj 20 cc of toluene and is heated on a boihng 
M ater bath under a reflux condenser for 4 hours It is then allowed to cool 
ind IS extracted once inth the toluene already present and three tunes with 
25 cc lots of ethyl acetate The combined toluene-ethyl acetate extract 
IS n ashed m a separatory funnel three times with 25 cc portions of N 
sodium hydroxide solution and 3 times with 25 cc lots of water ^ The 
M ashed extract is then evaporated to dryness on a steam bath The 
residue (barium chlonde hydrolysate) is separated mto ketomc and non- 
ketomc fractions ivith Guard’s Reagent T as descnbed below 

En:yma(tc Hydrolysis — ^This method of hydrolysis is similar to that 
devised for the hydrolysis of sodium pregnanediol glucuromdate (2) An 
ahquot of the methanol solution of the crude urme extract is evaporated 
to dryness at a temperature not exceedmg 25° Remammg traces of 
methanol are removed by the addition and subsequent evaporation of small 
quantities of anhydrous ethyl ether The dry residue is dissolved m 15 cc 
of distilled water 10 cc of 0 1 n sodium acetate buffer solution (pH 5) 
are added and the pH of the resultant solution is detemuned If neces- 
sary, the pH IS adjusted to 5 by the addition of small quantities of 0 1 n 
sodium hydroxide solution or of 0 1 N acetic acid solution ’ To the solu- 
tion at pH 5, 400 mg of acetone-dried powdered rat hver enzyme are added 
with brief stirrmg After 4 hours mcubation at 37°, the mixture is filtered 
through Whatman No 2 paper and the insoluble material on the filter is 
washed three times with 5 cc portions of water The ongmal filtrate and 
the water washmgs are combmed and extracted four times with 10 cc 
portions of ethyl acetate ® The combmed ethyl acetate extiact is washed 
three times ivith 10 cc lots of N sodium hydroxide solution and four times 
with 10 cc portions of water In addition, the msoluble matenal on the 
filter IS extracted on the filter by washmg five times with 5 cc portions of 
hot ethanol The ethanol extract thus obtamed and the washed ethyl 
acetate extract mentioned above are combmed and evaporated to dryness 
on a boihng water bath The residue (enzymatic hydrolysate) is separated 
mto ketomc and non-ketomc fractions, as descnbed below 

Hydrochloric And Hydrolysis — ^An ahquot of the methanol solution of 
the crude urme extract is evaporated to dr 3 mess as descnbed above The 

* Small aliquots were removed for pH determinations The color chart of indi- 
cators of Clark (8) was used 

* These washings may be combined and added to the barium chlonde hydrolysis 
solution which, when acidihed, may be saved for subsequent hydrochlonc acid hy- 
droljsis (see below) 

® This filtrate plus the water washings may be hydrolyzed subsequently with 
barium chloride according to the procedure given above after the pH of the solution 
has been adjusted to 6 
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residue is dissolved in 100 cc of water and 15 cc of technical hydrochlono 
acid are added The mixture is boiled for 10 minutes under a reflux con- 
denser and IS then cooled immediately under a stream of cold water The 
hydrolyzed mixture is extracted m a separatory funnel four times with 
25 cc portions of ethyl acetate The combmed ethyl acetate extract is 
washed xvith n sodium hydroxide solution (25 cc , three times) and with 
water (25 cc , three times) m a separatory funnel The washed axtract is 
evaporated to dryness on a boihng water bath The residue (hydrochlono 
acid hydrolysate) is separated mto ketonic and non-ketomc fractions, as 
descnbed below 

Consecutive Hydrolysis — In experiments designed to obtam maxunum 
yields of hydrolysate, the crude unhydrolyzed unne extract may be sub- 
jected to more than one type of hydrolysis as follows (a) enzjTiiatic, fol- 
lowed by barium chloride, followed by hydrochlono acid, or (6), enzymatic, 
followed by hydrochlono acid, or (c), barium chlonde, followed by hydro- 
chlonc acid Because banum inhibits the enzyme, it is difficult to use 
enzymatic after banum cblonde hydrolysis "When the crude unne extract 
IS hydrolyzed consecutively, the hydrolysate formed by each of the pro 
cedures is extracted from the aqueous solution as outhned above before 
another hydrolytic procedure is apphed to the partially hydrolyzed aqueous 


solution 

Separation of Hydrolysate into Ketonic and Non-KeUmic Fraciion^'Ca.e 
dried residue of the extracts obtamed f oUowmg the vanous types of hydroly 
SIS IS separated mto ketomc and non-ketomc fractions with the aid of Gi 
raid's Reagent T, accordmg to a procedure descnbed previously (9) The 
ketonic residue is dissolved m a measured quantity of absolute ethano 
preparatory to colorimetnc assay The non-ketomc residue may be 
weighed and then dissolved m a measured quantity of absolute methano 


preparatory to the penodic acid reaction 

Periodic Acid Reaction — ^This reaction is used to convert certain non 
ketomc Steroids mto 17-ketosteroids Approximately 5 mg o no^ 
ketomc matenal are dissolved m 2 7 cc of absolute methanol 0 1 cc 
this solution IS removed and saved for colonmetnc assay If ^ 

stimng insoluble matenal is present, it should be removed by 
To this solution 0 5 cc of a freshly prepared 50 per cent aqueous me 
solution containing 70 mg of penodic acid and then 0 04 cc of concen r 
sulfunc acid are added After the mixture has stood for 1 hour a 
temperature (20-25°), it is transferred to a 250 cc separatory 
180 cc of ethyl ether The resultant ether solution is washe 
with 25 cc lots of a freshly prepared 10 per cent solution of so 
sulfite m N sodium hydroxide solution During each solution 

separatory funnel should be shaken for about 2 minutes The e 
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IS now washed once with 25 cc of N sodium hydroxide solution and four 
tunes with 25 cc portions of watei The washed ether solution is evapo- 
rated to dryness The residue (formed 17-ketosteroids) is dissolved m a 
measured volume of absolute ethanol preparatory to colorimetric assay 
17-Kclosteroid Assay — ^The 17-ketosteroid content of each ketomc and 
non-ketomc fraction is determmed colorimetiically by the absolute alcohol- 
m-dinitrobenzene-KOH procedure, as described elsewhere (10) All \ alues 
are corrected for mterfermg chromogens by means of a color correction 
equation (10) 17-Ketosteroids present m fractions which have not been 
treated wnth periodic acid are termed preformed 17-hetosteroids The 
quantity of 17-ketosteroids formed by the action of penodic acid upon non- 
ketomc matenal {formed 1 7-ketosterouls) is equal to the 17-ketosteroid con- 
tent of a given quantity of non-ketomc matenal after penodic acid treat- 
ment minus the 17-keto3teroid content of the same sample before treatment 
with penodic acid 


Material 

A major part of the experimental work reported heie has been earned 
out on extracts of unne obtamed from two adult female patients wnth 
vinhsm due to a caremoma of the adrenal cortex and one 13 year-old girl 
with vinhsm due to adrenal cortical hyperplasia Preluiunary measure- 
ments have also been made on extracts of unne from normal, young adult 
men and women In addition certam studies have been carried out on a 
sample of A'‘-pregnene-3-one-17,20,21-triol (m p 226-228°) obtamed 
through the courtesy of Dr L F Fieser 

EXPERIMENTAL 

Periodic Acid Reaction — In the course of prehmmary experimentation 
it was observed that the efficiency of the penodic acid reaction was influ- 
enced by several factors such as the concentration of sulfunc acid used, the 
duration of the reaction, the concentration of penodic acid used, and the 
temperature of the reaction Accordmgly, studies designed to define 
satisfactory conditions for the reaction w^ere earned out 

In these experiments, two types of material were studied The first was 
non-ketomc matenal separated from the barium chlonde hydrolysate of 
urine from a patient with adrenal cortical caremoma accordmg to the 
analytic procedure Colonmetnc assay of this matenal showed that it 
contamed no 17-ketosteroids and that it was essentially free from other 
chromogens The second substance used was a sample of the A^-pregnene- 
3-one-17,20,21-tnol Colonmetnc assay of the tnol revealed that it had 
essentially the same chromogenic characteristics as an equimolar quantitv 
of testosterone, which is also a A^-3-ketone Because of the nature of the 
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color given by the tnol m the colorimetric assay reaction before treatment 
■with penodic acid, it was necessary to estimate the quantity of 17-Letone 
formed by the action of periodic acid on the tnol as follows The extincbon 
coeflacients of the colonmetnc assay solution at 540 m^ and 420 m/x {Eo, Eb) 
were determmed for a given quantity of the tnol before {E'o, E'b) and after 
{E"a, E"b) the tnol had been treated -wuth penodic acid The difierence 
m extmction coefficients {AE = E" — E') was considered to be due to a 
change m the chromogemc properties of the tnol consequent to penodic 
acid treatment It was found that the ratio of AEo AEb was 2 2 to 2 5, 
values considered to be charactenatic of 17-ketosteroids (10) Accordmgly, 
the quantity of 17-ketosteroid formed by the action of penodic acid on the 
tnol was calculated from AEa and AEb m the same manner that the pre- 
formed 17-ketosteroid content of unne e'vtracts is determmed from Ea 

TaBM! I 

Effect of Variations in Concentration of Sulfuric Acid Used in Periodic Acid Reaction 
Mixture on Yield of 17-Ketosleroids from S Mg Samples of Non-Kelonic Material 


Except for variations in the sulfuric acid used and except for the fact that the reac 
tion time was 17 hours instead of 1 hour, the reaction was earned out according to the 
analytic procedure 


Experiment No 

HtSOi used 

Concentration of HtSOt 



cc 

wl perunt 

«r 

1 

0 00 

0 00 

0 02 

2 

0 01 

0 32 

0 47 

3 

0 02 

0 65 

0 57 

4 

0 04 

1 30 

0 68 

5 

0 08 

2 60 

0 68 


and Eb (10) No correction was made for the error of underestimation 
(approximately 15 per cent) m the colonmetnc assay of 17-ketosteroid3 
due to the presence of A^-3-ketosteroid (11) 

In the followmg experiments the penodic acid leaction desenbed under 
the analytic procedure (see above) was varied with relation to, respectively, 
the concentration of sulfunc acid (Table I, also, reaction tune 17 hours 
mstead of 1 hour), the duration of the reaction (Table II), the temperature 
of the reaction (Table III), and the concentration of penodic acid (Ta e 
TV) As shown m the tables, either a 2 mg sample of non-ketonic ma en 
or a 1 mg sample of the tnol w as used in each experiment 
It IS seen (Table I) that, while penodic acid does form 17 -ketos eroi 
from the non-ketomc material in the absence of sulfunc acid, the ^ 
greater if the reaction mixture contams from 1 3 to 2 6 volumes per 
of concentrated sulfunc acid The expenments of Table II show a 










Tab LB II 

BJfccl of Varialiona in Duration of Periodic Acid Reaction upon Yield of 17-Keto- 
steroids fromSamplca of Non Kctonic Matenalandof Pregnene S-one 17 ,SQ,Sl-tnol 
Except for tho duratiou of the reaction, the reaction waa earned out according to 
the analytic procedure 


1 

17 Ketosteroidi from 

EzpenmcAt Vo 

Duration of reaction 

1 

Yield of 17 
ketosteroids 

2 mg non ketomo matenal 

6 

hrs 

0 

min 

1 

tnt 

0 00 


7 

0 

40 

0 76 


S 

1 

20 

0 77 


0 

2 

00 

0 85 


10 

4 

00 

0 79 


11 

6 

00 

0 78 


12 

17 

00 

0 71 

1 mg tnol 

13 

0 

1 

0 29 


14 

0 

30 



15 

1 

00 



16 

2 

00 



17 

4 

00 


! 

18 

48 

00 

■ ■ 


Table III 

Efect of Variations in Temperature of Periodic Acid Reaction upon Yield of 17~Keio- 
steroids from 1 Mg Samples of A*-Pregnene-S-one 17, SO, SI triol 


Except for vanations in temperature, the reaction conditions corresponded to 
those given under the analytic procedure 


ExpenraentKo 

Reaction temperature 

1 Yield of 17 ketosteroids 


c 

1 mg 

19 

20 

0 74 

20 

30 

0 77 

21 1 

40 

I 0 70 


Table IV 

Effect of Variations in Concentration of Periodic Acid Dsed in Periodic Acid Reaction 
upon Yield of 17 Ketosteroids from 1 Mg Samples of A* Pregnene 3-one-17 ,S0 ,21-triol 


Except for the variations in periodic acid, the reaction conditions corresponded 
to those of the analytic procedure 


Eipenment No | 

Periodic aud used 

Concentration of periodic 
acid 

Yield of 17 ketosteroids 


mg Per sample 

gm per cent 

mg 

22 

0 

0 

0 

23 

30 

0 96 

0 65 

24 

50 

1 59 

0 76 

25 

60 

1 92 

0 74 

26 

70 

2 23 

0 85 

27 

1 

80 

2 56 

0 86 
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penodic acid reaction takes place in less than 1 hour and that the 17- 
ketosteroids formed are stable m the reaction mixture for several hours 
The data of Table III mdicate that the reaction temperature may be vaned 
at least between 20-30'’ -without mfluencmg the results obtamed Table IV 
shows that for optimal results the concentration of periodic acid m the 
reaction mixture should be approximately 2 3 gm per cent 
The data of Experiments 28 and 29 (Table V) show that measured 
amounts of the preformed 17-ketosteroids, dehjdroisoandrosterone and 
etiocholanone, were recovered quantitatn elj”- after treatment ivith periodic 
acid The value obtamed foi the tnol (Expeiiment 30) is of interest m 
that it corresponded reasonabl} closely to the theoretical Thus it suggests 
that the tnol was quantitatu eh conx'erted into a 17-ketosteroid Expen- 

Tabix V 


Recovery of I7-Kelosteroid3 after Periodic -Icid Reaction 


Experuneat 

No 


j 17 Ketosteroids 

Substance treated 

Determined 

(a) 

Theoretical 

U) 

(« 



mg 

ms 


23 

2 mg DHA 

2 0 

2 0 

10 

20 

0 8 mg ETIO 

0 S 

0 8 

1 0 

30 

1 mg tnol 

0 7 

0 8 

0 9 

31, a 

2 “ X-K 

! 0 9 


1 10 

31, b 

2 “ “ 4- 1 mg tnol 

1 7 

1 7 

32, a 

Normal X K' 

0 0 


09 

32, b 

“ “ + 1 mg tnol 

0 7 



* DELA, = dehydroisoaQdrosterone,ETIO = etiocholanone 17 , tnol = A* pre^®“® 
3 one 17,20,21-triol, N K = non-ketonic material used in the experiments of Ta e 
II, N-K' => non ketonic material derived from the barium chloride hjdrolysste o a 


24 hour normal urine sample 

ments 31 and 32 xxere designed lo test the efficiency of the periodic acid 
oxidation when it was cairied out m the piesence of unnary non-ketonic 
material In these expenments, samples of non-ketonic 
divided mto two equal portions To one portion nothmg was add > o 
the other 1 mg of the tnol was added Both portions were subjecte o 
the reaction and the xield of IT-ketosteroids was determined It ^ 
that the yield of 17-ketosteioids from the added tnol was essentia y eq^ 
to that obtamed for the tiiol m pure solution (Expenment 30) 
observations indicate that the non-ketonic mateiials studied di no 
tarn substances which mtertered with the penodic acid leaotion „ 
Effects of Various Types of Hydrolysis upon i ‘eld of Preform ' 
steroids and Forimd 17-Ketoste)oids — ^Equal aliquots of ^ 

' drolyzed urme extracts from three patients with adrenal cor i 
were subjected to the xarious hydrolytic procedures descn 
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analytic procedure above Figs 1 to 3 present the comparative yields 
obtamed 



Fio 1 Effects of vanous types of hydrolysis upon the yield of preformed 17- 
ketoateroids and formed 17 ketosteroids Patient C, vinhsm due to adrenal cortical 
caromoma The height of the stnped columns represents the relative yield of pre- 
formed 17-keto3teroids, the height of the adjacent checkered columns represents the 
relative yield of 17-ketosteroid3 formed by the action of penodio acid upon non- 
ketomc material The scale in per cent is given along the left hand ordinate The 
hydrolysis procedure used is noted along the lower margin 


s 



Fio 2 Effects of vanous types of hydrolysis on the yield of preformed 17-keto- 
steroids and formed 17-ketosteroids Patient S, vinlism due to adrenal cortical 
carcinoma The arrangement of this figure is similar to that of Fig 1 
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The left-hand columns of Figs 1 to 3 show that when the crude unhy- 
drolyzed urme extract was not subjected to any hydrolysis the yield of free 
preformed 17-ketosteroids and of free, formed 17-ketosteroids was poor 
This observation suggests that the substances measured were excreted 
largely if not entirely as water-soluble, conjugated steroids The columns 
representmg the yields after banum chloride and enzymatic hydrolysis, 
respectively, show that mcreased quantities of both preformed and formed 
17-keto3teroids were obtamed Hydrochloric acid hydrolysis also resulted 
m an mcrease m free preformed 17-ketosteroids, but did not yield any free 
non-ketomc matenal from which 17-ketosteroids could be formed by 
periodic acid This is of mterest because it suggests strongly that the 


JW 



Fig 3 Effects of various tj pes of hydrolysis upon the yield of preformed 
ketosteroids and formed 17 ketosteroids Patient iW, Mnlism due to congemtal i 
lateral adrenal cortical hyperplasia The arrangement of this figure is similar o 
that of Fig 1 

hydrochloric acid procedure not only hydrolyzed, but also altered or 
destroyed these non-ketomc steroid substances In tuo mstances (Fi^ 
and 3) the yield of preformed 17-ketosteroids was slightly greater to 
consecutive barium chlonde-hjdrochloric acid hydrolysis than r 
hydrochloric acid hydrohsis alone, m the third instance (Fig 2), t eyie 
was about one-third smaller AVhen enzymatic hydrolysis was came ou 
first, the yield of preformed 17-ketosteroids after further hydro ysis 'Vi 
banum chloride and hydiochloric acid was less than that obtame 
hydrochloric acid hydrolysis alone , v w i ci/rotds 

Daily Excretion of Preformed IJ-Kelosteroids and of Formed 17- , 

— Fig 4 represents the mg per 24 hours obtamed on the samp es o 
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to 3 after (a) banutn chlonde followed by hydrochlonc acid hydrolysis and 
(6) enzymatic, followed by barium chlonde, followed by hydrochlonc acid 
hydrolysis Patient JW had vinlism due to adrenal cortical hyperplasia, 
patients S and C had vinhsm due to adrenal cortical carcmoma While 
the patients with adrenal cortical carcmoma excreted larger quantities of 
preformed IT-ketosteroids than the patient with adrenal cortical hyper- 



Fig 4 Daily excretion of preformed 17-ketosteroid3 and of formed IT-ketosteroids 
by patients JW (Fig 3) , S (Fig 2) , and C (Fig 1) The height of stnped columns gives 
the output of preformed 17-ketosteroids, while the height of the checkered columns 
gives the excretion of formed 17-ketoateroida according to the scale in mg shown 
along the ordinate The results shown in the left hand portion of the figure were ob- 
tamed after barium chlonde followed by hydrochlonc acid hydrolysis, while those 
of the nght hand portion were obtained after enzymatic followed by banum chlonde 
followed by hydrochlonc acid hydroijsis 

plasia, all the patients had approximately equal values for formed 17- 
ketosteroids (10 to 16 mg per day) Prehmmary observations by similar 
methods on normal individuals suggest that they excrete much smaller 
quantities (approximately 0 4 mg per day) of the formed 17-ketosteroids 
The observations on preformed 17-ketosteroid excretion correspond closely 
to those obtamed by the usual methods of hydrolysis and extraction (12) 
Further measurements on selected mdividuals are needed before the exact 
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clinical and physiologic significance of the formed 17-ketosteroid output 
can be discussed 


Comments 

The periodic acid reaction described above appears to give satisfactory 
results In early experiments it was noted that the residue of the ether 
solution of the periodic acid reaction products tended to char When this 
occurred, there was a loss of 17-ketosteroids Because this charnng seemed 
to be due to residual oxidizmg agents, sodium hydrosulfite was added 
to the sodium hydroxide solution used for washmg the ether solution 
Although the sodium hydrosulfite mtroduced no errors, it appears from 
subsequent experience that this reagent may not be essential, provided the 
ether solution is shaken very extensively with sodium hydroxide solution 

It IS of mterest that as much as 0 4 mg of 17-ketosteroids was obtained 
from 1 mg of non-ketonic matenal after apphcation of the periodic acid 
reaction (Table II) These formed ketosteroids appeared m the ketonic 
fraction after treatment with Girard’s Reagent T Furthermore, the colors 
formed by these ketones m the colorimetric assay reaction corresponded 
reasonably closely {Ea Eb, 1 6 to 2 2) to those given by pure solutions of 
17-ketosteroids (2 2) (10) 

The hydrolysis experiments of Figs 1 to 3 are m keepmg with the fact 
that hydrochlonc acid hydrolysis tends to destroy certam conjugated 
urmary steroids (1, 2) Although the non-ketomc precursor of the 17- 
ketosteroids formed m the periodic acid reaction has not been identified 
as yet, it would appear that this substance is quantitatively destroyed by 
the hydrochlonc acid hydrolysis Presumably the substance in question 
IS charactenzed hy the presence of hydroxyl groups at positions 17 and 20 
In this connection it is of mterest that the 3(a),17,20-tnol of Butler and 
Maman was isolated from urme which had not been hydrolyzed with an 
acid, but which may have been exposed to urmary bactenal enzymes (6) 

SUMMARY 

A procedure for the quantitative oxidation of 17, 20-dihydroxy steroids 
to 17-ketosteroids has been outhned Assays of the 17-ketosteroids t us 
formed and of the usual preformed 17-ketosteroids were earned out on 
extracts of urme which had been hydrolyzed with the acid of banum 
chlonde, an enzyme preparation, or hydrochlonc acid, respectively 

The hydrolysates of the banum chlonde and enzymatic procedures con^ 
tamed both preformed 17-ketosteroids and non-ketomc substances w c 
could be assayed colonmetncally after conversion mto 17-ketosteroi s 
penodic acid On the other hand, while the hydrolysates obtaine 
hydrochlonc acid hydrolysis also contained preformed 17-ketosteroi , 
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were devoid of substances from which 17-keto3teroids could be formed with 
the aid of periodic acid 

It IS concluded that human urme contains steroids presumably of adrenal 
coitical ongm which are destroyed by hydrochloric acid hydrolysis, but 
which may be recovered and measured after the milder barium chloride 
and enzymatic types of h3'drolysi3 

We are mdebted to L F Fieser and S Lieberman for advice durmg the 
course of this work 
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PROTEIN-BOUND IODINE IN ERYTHROCYTES AND 
PL VSMA 

By J F McCLDNDON aud WILLI/m C FOSTER 

{From the Research Laboratory of Physiology, Hahnemann Medical College, 

Philadelphia) 

(Received for publication, April 21, 1944) 

In 1938 we (1) observed that precipitating blood proteins with cold 
methyl alcohol and immediately w ashing the precipitate tvith cold acetone 
completely removed added morganic lodme but retamed all of the lodme 
of added thyroglobulm m the coagulum We observed that prolonged 
action of methyl alcohol split off some of the prosthetic group of hemoglobm 
and tried to avoid this by rapid removal of the methyl alcohol with acetone 

Boyd and Clarke (2) found that a large portion of blood iodine resists 
extraction with cold alcohol Pei km and Hurcthal (3) found that when 
blood protems are precipitated by cold alcohol and washed with the same, 
the coagulum contamed about 6 to 7 -y of lodme per 100 cc of normal 
blood They found that cold alcohol did not remove lodme from th 3 T 0 id 
proteose It was observ'ed by Cavett, Rice, and McClendon (4) that 
thyroglobulm repeatedly dissolved in water and precipitated by acetone 
(and extracted with ether) mci eased m lodme content from about 0 5 to 
0 7 per cent This may be mtei^preted as a purification or fractionation of 
the thyroglobulm, and if cold acetone breaks off lodme from thyroglobulm, 
one would not expect this lesult Davison, Zolhnger, and Curtis (5) used 
acetone to fractionate blood lodme 

In a recent paper Bruger and Member (6) precipitated blood protems 
with methyl alcohol and washed with acetone and recovered 90 to 93 per 
cent of the lodme of added thyroglobulm They precipitated blood pro- 
tems with zme sulfate and sodium hydroxide but failed to wash the pre- 
cipitate and “recovered” 89 to 107 pei cent of added “thyioglobulm 
lodme ” In their summaiy they state that “the i ecovery of thyroglob- 
ulm from the coagulum of whole blood was inadequate when methyl 
alcohol was used as the protem-precipitatmg agent ” It is not clear 
to us why they consider 107 per cent better than 93 per cent, both being 
m eiior by 7 per cent, and the higher value is to be expected smee they 
failed to wash the precipitate 

It was suggested by Silver (7) that practically no lodme may be demon- 
strated m erythrocytes, and that plasma oi serum should be used for blood 
lodme determinations In oidei to detemime the ratio of protem-bound 
iodine m erythrocytes to that m plasma, oxalated or defibrmated blood 
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i\as separated in a Swedish (Aktiebolaget) angle centrifuge speeded up bv 
using 135 1 olts instead of 110 and packed doivn until refraction planes dis- 
appeaied 


EXPERIMENTAL 

Since the iodine deteiminations were made by the method of McClendon 
and Bratton (8), the piotein liad to be packed into a piece of f mch Visking 
sausage casing or Fishei cellophane dialyzmg tubmg The methyl alcohol- 
acetone method has been described pieviously (1) 

The zmc sulfate-sodiura hydroxide method uas a modification of So- 
mogyi’s 5 cc of blood (oi blood constituent) u ere mixed with 25 cc of 2 
per cent zinc sulfate and then 5 cc of 0 5 n sodium hydroxide were added 
A 9 mch piece of casmg was closed at one end with a filter plug and the 
other end attached to a slender 100 cc funnel The mixture was poured 


Table I 

Protein-Bound Iodine {Micrograma •per 100 Cc ) in Blood 


Blood 

Methaool 

acetooe 

bomogyi 

Metbaco) 

Somogyj 

Duly SIS 

Methuiol 

Dulisu 

Cow 

G “1 

6 2 

1 03 

6 2 

1 03 

Man 

0 4 



7 0 

0 91 

It 

7 4 



MEM 

1 00 


G 0 




1 07 

i< 

5 8 




0 78 

H 

9 4 




1 17 

tf 

7 2 



B9 

1 03 

tt 

7 6 



■■ 

0 97 


into the funnel and as the filtrate passed through the filter plug, the protein 
passed mto the casmg The protein was washed wuth 100 cc of water 

For dialysis, 5 cc of blood were mtroduced mto 5 mches of casmg ir 
was tied at both ends and immersed in hot water m a 1 liter beaker, n 
it remamed 12 hours A smaller number of failures by leakage 
with hot Avater than with cold , otherwise the results w ere the same, an e 
fractionation is by dialysis and not by heat In our early experim^^ 
dialysis for 3 days was employed, but this is not practical m rou me ^ ^ 
periments and we are mterested m testing such methods even t ouo 
slight error may be mvolved 

It may be seen from Table I and from the blood plasma an 
cytes of Dog A m Table II that the methjl alcohol method of 
blood proteins followed by acetone ivashmg gives similar resu 
dialysis and Somogyi methods 
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It may be seen from Table II that the concentration of protem-bound 
lodme m the erythrocytes is almost as high as m the plasma 
It seems evident that if one analyzes only plasma or serum he loses 
nearly half his matenal, Tvith no advantage if the lodme is to be analyzed 
by a closed method The ash of eiythroc 3 d;es contains feme iron and, if 
it 13 acidified, lodme escapes as elemental iodine Therefore m an open 
method of analysis it may be of advantage to use plasma 

Table II 


Protctn-Bound Iodine (Microjrams per 100 Cc ) tn Plasma and Erythrocytes 



Plasma 

Erythrocytes 

Dog A, dialysis 


4 5 

“ " Somogyi 


5 6 

“ “ methanol-acetone 


5 0 

“ B, 


5 5 

Man A, " 


5 2 

“ B, “ 

5 0 

4 9 

Cow, " 

6 8 

6 4 

Horae, “ 

9 2 

7 4 

Rabbit A, “ 

11 1 

11 2 

" B, “ 

6 6 

S 9 

Cat serum, “ 

7 6 

7 2 

Average 

6 36 

6 26 


DISCUSSION 

lodme analysis of blood or other tissue is still a difficult problem and 
therefore Tve made all our determmationS m quadrupbeate When a satis- 
factory technique is mastered, the reduction of the lodme mtake to a mi- 
nute quantity is necessary m order to show any relation between total blood 
lodme and thyroid function The analyst is not always able to determme 
whether the patient has eaten an oyster, for instance Therefore fractiona- 
tion is desirable 

The way the blood lodme is fractionated affects the ease of subsequent 
analysis If a wet asbmg method is used, a high water content of the pro- 
tem fraction may merely add to the difficulty of washmg, but if a dry ashmg 
method is used, this water must be evaporated before ashmg This last 
process may be avoided by precipitatmg the protems m a more volatile 
medium 


SUMMARY 

1 With the methyl alcohol method of precipitatmg blood protems prac- 
tically the same amount of lodme is retamed as m the Somogyi method. 
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provided adequate washing of the piecipitate is performed, wth acetone 
m the first instance and water m the second 

2 There is no significant difference between the results with the meth- 
anol-acetone method and 12 hours dialysis 

3 The protem-bound lodme in the erythrocytes and plasma is of the 
same order of magnitude 
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Mi\J^OMETRIC, TITRBIETRIC, ^NJSTD COLORIMETRIC 
METHODS FOR MEASUREMENT OF 
UREASE ACTIVITY 

DON/U,D D VAN SLAKE and HEGINALD M ARCHIBALD* 

(From the Hospital of 1 he Rockefeller Institute for Medical Research, New York) 

(Received for publication, May 1C, 1944) 

Van Slyke and Cullen (1, 2) de\ eloped a titnmetric method for measunng 
urease activity m which the enzyme acted under such conditions (pH 6 6 
to 7 4, 0 5 SI phosphate, urea concentration 5 pei cent) that the amount of 
ammomum carbonate formed in 15 minutes was directly proportional to 
the amount of urease 

The urease preparations now used are several times more active than 
those of Van Slyke and Cullen (1) Although prepared by Van Slyke and 
Cullen’s acetone precipitation method (1), that procedure is now apphed 
to a water extract of jack beans, mstead of the soy bean extract used by 
Van Slyke and Cullen Jack beans, as shown by Mateer and Marshall (3), 
are much richer m urease 

The activity measurement requues modification for these more active 
preparations of urease The enzyme concentration must be cut down, or 
so much urea will be hydrolyzed that the pH ivill nse above 7 4, and 
dimmish the activity of the enzyme However, if this effect is prevented 
by usmg lower concentrations of the urease, not enough jack bean protein 
IS present to stabilize the enzyme It appears that a certam concentration 
of protem is necessary to piotect the enzyme from partial mactivation m 
the presence of the high concentration of urea used m the standardization 
Also, when the standardization is carried out by the gasometnc method m 
the Van Slyke-NeiU chamber (4-6), mactivation m protem-poor solutions 
is accelerated by the mercury which is present 

These difficulties have been overcome by dissolvmg the urease m a 5 per 
cent solution of egg albumm, by rinsmg the Van Slyke-NeiU chamber with 
albumm solution before each analysis, and by mamtammg a concentration 
of 1 per cent albumm m the reactmg urea-urease mixture 

Three procedures will be described, gasometnc, titrimetnc, and colon- 
metric, respectively In the first the enzyme activity is measured by the 
rate of CO2 formation In the second the Van Slyke-Cullen method for 
measuring urease activity by the late of NH3 formation is modified to meet 
piesent conditions In the third procedure the time is measured which is 
required for enough ammonium carbonate to form to raise the pH of a 

* Fellow of the National Research Council, Division of Medical Sciences 
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phosphate buffer from 6 8 to 7 7, the end-pomt being determined by the 
color of phenol red indicator 


THEORETICAL 

Van Slyke and Cullen (7) showed that at constant pH the urease m its 
kinetics acts m accord with the conception that decomposition of substrate 
occurs in two successive stages, (1) combination of substrate and enzyme 
and (2) decomposition of the combmed substrate The combmation stage 
was shoivn to follow the mass action equation, and to require a tune mterval 
that IS shorter as the urea concentiation is greater When the urea con- 
centration is great enough, the tune interval required for combination 
becomes insigmficant compared with the tune required for decomposition 
With such urea concentratiou, the enzyme acts at maximum velocity 
because approximately IQO per cent of it is contmually combmed with 
substrate and therefore actively decomposmg the latter 
The kmetics of the reaction -were expressed by the equation 

E represents enzyme concentration, t the time of reaction, o the initial 
substrate concentration, and x the decrease in substiate concentration at 
time t (In the case of urea, the concentration of eithei the COj or Nm of 
the (NH<) 2 C 03 formed is a measure of a ) The constant Ki is either the 
velocity constant of the reaction by which enz 3 mie and substrate combine 
(7, 8), or the equihbnum constant of the reversible reaction, enzyme + 
urea i=;: enzyme-urea combination (8), whereas K 2 m the velocity m 
which urea m the urea-enzyme combmation is hydrolyzed to NHa and 0 j 
Equation 1 was developed m nearly the same form by Michaehs m 
M enten (9) from a study of mvertase It has been found to be general or 
hydrolytic enzymes and for some enzymes of other types (8) 

When a urea concentration, a, is used which is sufficiently great, m 
reaction mterval short enough to make x sufficiently small, the rac 10 
a/(a — x) approaches umty, log a/ {a — x) approaches zero, / 
a/ {a — x) becomes insignificant in comparison with x/Ki, and the eq 
simplifies to 


Under these conditions, ivith constant time t, the amount of 
formed, x, is directly proportional to the urease . j 

Slyke and Cullen (1) found that these conditions were used 

the urea concentration was 5 per cent, 0 5 m phosphate of p 
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to keep the pH at 6 6 to 7 4, and sufiScient soy bean urease was used to 
decompose not over 0 1 of the urea (x = 0 la) m the 15 nunute mterval 
of the reaction 

In the present manometnc and titrimetric procedures advantage is also 
taken of conditions which vahdate Equation 2, a constant t mterval is used, 
and E is directly proportional to z, the (NHOjCOj formed 
In the colonmetric procedure advantage is taken of the fact, demon- 
strated by Van Slyke and Cullen (7), that the lime leqmred to produce a 
gi\eu amount of ammonium carbonate vanes inversely as the urease con- 
centration This inverse proportionality is a general law of enz3rrQe action, 
nhich appears to hold when an enzyme is stable for the observation penod 
used (8) The effects of products on the reaction velocity do not alter the 
accuracy of the mverse relation, because for decomposition of a given 
amount of substrate the same amounts of products are formed, with the 
same effects on the velocity Hence when this timmg procedure is apphed 
to urease, the necessity disappears for lestraming the pH shift caused by 
ammonium carbonate to a short range 

I IIANOMETRIC PROCEDURES 

Two manometnc procedures, A and B, will be descnbed 
In Procedure A the urease action and CO. detennmation both occur m 
the Van Slyke-Neill chamber 

In Procedure B the urease action occurs, not m the gas chamber, but m 
a separate flask, from which an aliquot of the solution is pipetted mto the 
Van Slyke-Neill chamber to determme the CO2 formed 
Procedure B can be used when the mercury m the Van Slyke-Neill cham- 
ber is so contammated with traces of other metals that formation of heavy 
metal 10ns would be rapid enough to cause appreciable mactivation of 
urease if the digestion w ere carried out m the chamber, even m the presence 
of 5 per cent albumm Procedure B is a little less convement than Pro- 
cedure A, but equally accurate 


Apparatus 

The only special apparatus required is the Van Slyke-Neill (5, 6) mano- 
metnc apparatus 

All glass apparatus that comes m contact with the reagents is cleaned 
with nitric acid m order to make certain that no traces are present of salts 
of heavy metals These, particularly Hg^ even in mimmal amounts, may 
inactivate the urease 

Reagents — 

0 65 ii phosphate buffei 5 66 gm of IV2HPO4 (0 0325 mole) and 4 49 gm 
of NaH2P04 H.O (0 0325 mole) are made up to 100 cc The solution has a 
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pH of 6 4 0 5 cc of this diluted to 6 5 cc ui the standardization mi\ 

ture gives 0 05 m phosphate and pH C 8 (glass electrode) 

Urea solution 3 gm per 100 cc (0 5 m) 

2 V lactic acid 
Caprylic alcohol 
Brom-thymol blue, 0 1 per cent 
10 per cent egg albumin in mate) 

Urease solution containing 50 mg of egg albumm per cc If the urease 
to be tested has activity of the order foimd in the dry preparation prepared 
from jack beans by the acetone method of Van Slyke and Cullen (1), a 
0 1 per cent solution is prepared 0 500 gm of urease is nuxed with 3 cc of 
water until suspension is unifoim, the miAture is then diluted with water 
to 50 cc 5 cc of this 1 per cent urease solution and 25 cc of the 10 per 
cent egg albumin are mixed and diluted to 50 cc , givmg 0 1 per cent urease 
in 5 per cent albumm '■ 

1 cc of this 0 1 per cent solution wU hydrolyze enough urea to give m 
5 imnutes 100 to 500 mm of COj pressure at 2 cc volume, if the urease is 
a preparation of good activity prepared by the acetone method from jack 
beans If the urease is of such high or low activity that the CO* formed 
gives a pressure outside the range 100 to 500 mm , it is advisable to use a 
urease solution of concentration lower or higher than 0 1 per cent 
Before an activity determmation is staited all solutions should be at the 
same temperature as the water jacket of the manometnc chamber 

manometric procedure a 

Preparation of Gas Chamber — The chamber of the apparatus is cleaned 
and IS rinsed once ivith 1 cc of 10 per cent egg albumm to remove any 
traces of mercury ions that may be present 

Addition of Reagents — 0 5 cc of the 0 65 m sodium phosphate buffer is 
placed in the cup of the Van Slyke-Neill chamber, and is run mto t e 
chamber until the cup is emptied, but the capillary below it is filled wit 
solution Then 1 drop of 0 1 per cent brom-thymol blue, followed by a 

1 Occasional preparations of urease when diluted to 0 1 per cent lose activitj faah 
rapidly even in the presence of 5 per cent albumin In one instance the activi 
a 0 1 per cent solution of Sqmbb’s “double strength” urease dropped 31 per ^ 

4 hours This loss was prevented completely by adding, to the 0 1 per cen uw ^ 
per cent albumin solution, glutathione or sodium thioglycolate to a concen 
0 05 per cent Protection by KCN, cysteine, glycine, or gum arabic wm •'J'” u 
( 10-13) Therefore the addition of glutathione or thioglycolate ^ ® alone li 
advisable when a preparation which is not adequately stabilized by a umin 
being standardized, or when the stability of the preparation is j-ioJin 

preparations are stable in albumin without glutathione, and all the a a r 
this paper were obtained without the addition of glutathione 
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drop of caprybc alcohol, is ran into the capillary The inflow of the 
reagents is regulated by the cock uluch connects the chamber with the 
le\ ehng bulb 

About 0 5 cc of mercury is non placed m the cup and 5 0 cc of 3 per cent 
urea solution are run into the chambei from a stop-cock pipette wath 
rubber-ringed tip ((6) p 125, Fig 3) The capillary is sealed by fiUmg it 
\nth part of the mercury in the cup, the cock is closed, and the mercury 
m the chamber is lowered and raised three times to mi\ the solution 

In the same uay 1 cc of 0 1 per cent urease solution m 5 per cent egg 
albuimn is measured mto the chamber, the mflow bemg controlled by the 
stop-cock leadmg to the levelmg bulb, so that the urease is layered above 
the denser substrate solution 

Digestion — As soon as the urease solution is m the chamber, the capillary 
of the upper cock is sealed mth mercury and closed, a stop-watch is 
started, and the mercury m the chamber is lowered four tunes to nux 
thoroughly the contents of the chamber 

1 cc of 2 N lactic acid is placed m the cup The temperature m the water 
jacket of the manometnc chamber is read at the rmd-pomt of the 5 mmute 
incubation penod Wlien the stop-watch mdicates exactly 5 mmutes of 
urease action, 0 5 cc of the 2 N lactic acid is ran mto the chamber and 
mixed wath the solution there, stop'pmg the action of the urease 

Determination of COz — ^The capillaiy of the cook is sealed ivith mercury, 
and the COj is extracted from the acidified solution by evacuatmg and 
shakmg as m blood CO 2 determmations After 2 mmutes extraction the 
gas volume is brought to 2 cc by the techmque described by Van Slyke 
and Neill ((14) p 277-278), and manometer readmg pi is taken Then 
the cock leadmg to the le\ ehng bulb is opened and 0 5 cc of 5 n NaOH is 
added under slight negative pressure, to absorb the CO 2 The aqueous 
meniscus is returned to the 2 cc mark, and manometer readmg p 2 is taken 
(see (14) p 284-285) 

Blanks — Duplicate blank deteiimnations are made m which the urease 
solution IS replaced by 5 per cent egg albumm solution ivithout urease 
The Pi — P 2 readmg of the blank is the c correction It is well to run the 
blank immediately before the determmation with urease m order to add 
to the certamty that Hg ion is remoxed from the apparatus before the 
actmty determmation itself is started 

Calculation of Sumner Urease Units 

Sumner and Graham (15) proposed, as a umt of urease activity, the 
amount capable of producmg 1 mg of ammonia mtrogen m 5 mmutes at 20 
m a urea solution buffered with phosphate The defimtion unphes action 
of urease under specific conditions w hich (o) mamtam the pH and substrate 
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concentration -mthin the limits compatible ■with approximately maximum 
enzyme activity, and (6) protect the enzyme from mactivation The umt 
IS convement, for the reason that Sumner found the number of umts per 
mg of preparation to equal approximately the percentage of crystalline 
urease present It appears also proper to retam m the nomenclature the 
name of Sumner, whose urease was the first of the crystalhzed enzymes 
In the calculation the CO 2 pressure, Pcoji which the COj from the 
generated ammonium carbonate exerts at 2 cc volume, is calculated as 

(3) Pcoj = Pi — Pi — c 

where pi and pa are the manometer readmgs obtamed m the analysis, and 
c IS the value of pi — po obtamed m the blank analysis 
The number of Sumnei umts of urease present per mg of the urease poicdcr 
tested IS calculated as 

. 6 X Pco. X A 

(41 Sumner units per mg = 

mg X min 

A IS the factor m the “A” column of Table I, mg represents the number of 
mg of urease preparation present m the digest, and mn represents the 
number of mmutes the urease acts before the action is stopped by addition 
of the lactic acid 

WTien, as m the routme procedure outhned, mg = 1 (1 cc of 0 1 per cent 
urease), and imn = 5, the calculation simphfies to 

(5) Sumner units per mg = Pco, X A 

The concentration of urease m Sumner umts per cc of the urease solution 
added {not per cc of digest) can be calculated by replacmg mg by cc m 
Equations 4 and 5, cc m this case mdicatmg cc of urease solution added 
(cc = 1 in the procedure outlined above) 

When many urease actmties are to be deternuned, it is convement to 
plot the factors of Table I on a giaph of semiloganthmic paper, with factors 
plotted on the loganthnnc ordmate, the resultmg curve is nearly Imear 

Derivation of Calculation Formulae — ^The general equation for calculating it® 
number of Sumner units present in a digest is 

5 activity at S0° 

(6) Sumner units = mg ammonia N formed X X qj C 

The ratio, activity at 20° activity at t°, refers to the relative rates (under ^ 
ditions specified above) at ahich urease acts at 20° and at t , the tempera a 
nhich the test is earned out n02S(Cfi 

The ammoma nitrogen formed is calculated bj multiplying ”^10 ^ mPcOi 

where F is the factor used to calculate nui of CO per liter ((16) p / ™ ,1^^ 

when the sample is 1 cc , the volume of solution, S, in the chamber is cc , 



D D VAN SL-iKE VND R M ARCHIBALD 


629 


COi pressure is measured with the gas volume, a, at 2 cc The factor thus obtained 
la multiplied by the temperature correction for activity in column C, to obtain the 
factor in column I of Table I Pco X I therefore represents 


vig ammonia \ formed X 


acUvily al 20° 
aclmly al 1° 


Substituting PcOi X I for this product in Equation 6 and dividing by the mg of 
urease gi\e Equation 4 


M\NOMETRIC PROCEDURE B 

Digestion — 25 cc Erlenmeyer flask is provided inth a l-hole rubber 
stopper, the hole of which is closed b> a glycerol-lubricated glass plug All 
reagents are brought to the same temperature, h, approximately the tem- 
perature of the room Into the flask are measured and mixed 10 cc of 3 
per cent urea, 1 cc of 0 65 m phosphate buffer, and 1 drop of brom-thymol 
blue solution Then 2 cc of the urease solution are added, the flask is 
stoppered, and the reagents aie mixed, w'hile a stop-watch is started 
■Vfter sufficient ammonium carbonate has been formed (when the mdica- 
tor turns bluish green, usually 4 to 8 mmutes), the glass plug is withdrawn 
from the stopper, 2 diops of concentrated NaOH (18 or 19 n) are added 
fiom a glass capillary inserted through the hole, and the plug is at once 
leplaced The alkah can thus be added without escape of any CO 2 (The 
techmque has been detailed for use m determination of urea in urme ((4), 
(14) p 366) ) The alkah serves two purposes it stops the action of the 
uiease, and it makes the solution reabsorb the small amount of CO 2 that 
escapes into the gas space of the flask during the digestion 
The alkali is at once mixed with the solution, and at the same moment the 
time IS recorded as the end of the period of the enzyme's action Except 
durmg removal of samples for analysis, the flask is thereafter kept stop- 
pered to prevent absorption of atmospheric CO'> by the alkahmzed solution 
Determination of CO 2 — A 5 cc portion of the 13 cc of solution is trans- 
ferred to the manometric chamber, by a pipette ivith a rubber-rmged tip, 
and 0 7 cc of 2 n lactic acid, followed by a diop of capryhc alcohol, is 
added The CO 2 is extracted and pi and p. are read as m Procedure A 
The temperature of the watei jacket of the Van Slyke-Neill chamber is 
recorded as <2 

Blank — ^The value of c is the x alue of pi — p^ obtained in a blank analysis 
done m the same manner as the determmation, except that 2 cc of 5 per 
cent albumm solution without urease replace the 2 cc of urease-albumm 
solution 

Calculation — Pcoi is calculated as in Equation 3, Procedure A Thence 

10 X Pcoi XB X C 
Sumner units per mg = 


(7) 


mg X min 
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B and C are the factors under columns B and C m Table I Their product 
m colunm D can be used when the digestion and analysis are performed at 

Table I 

Factors for Calculation of Results by Manometrie Procedures A and B 


o = 2, S = 7, j = 1 017 


Temperature 

Factors for 
Procedure A 

A 

Factors for Procedure B 

B for f) 

Factors for colcu 
btiDg NH«-N 
irom PcOi 

C for ti 

U_^^^acavityit20 

D^BXC 
can be used wbea 
and ii are equil 

activity at t 

C 





5 

0 00921 

0 00499 

2 31 

0 01153 

10 

0 00680 

82 

1 76 

0 00850 

15 

0 00486 

68 

1 30 

0 00608 

16 

57 

65 

1 23 

0 00572 

17 

31 

61 

1 17 

39 

18 

06 

58 

1 11 

08 

19 

0 00382 

55 

1 05 

0 00479 

20 

61 

53 

1 00 

53 

21 

40 

50 

0 950 

27 

22 

21 

47 

0 900 

02 

23 

04 

45 

0 860 

0 00381 

24 

0 00287 

42 

0 818 

61 

25 

72 

39 

0 779 

42 

26 

58 

37 

0 743 

25 

27 

44 

34 

0 709 

08 

28 

31 

32 

0 676 

0 00292 

29 

20 

30 

0 645 

77 

30 

09 

28 

0 617 

64 

31 

0 00199 

25 

0 592 

52 

32 

90 

23 

0 568 

40 

33 

81 

21 

0 545 

29 

34 

73 

19 

0 525 

20 

35 

66 

17 

0 511 

13 

40 

34 

05 

0 417 

0 00169 


the same temperature, so that h = k The “mg ” m Equation is 
of urease preparation added to the digestion flask, not as in Equa 
the mg m the manometric chamber. 
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When, as m the usual analysis outlined above, “mg ” = 2, and min = 5, 
the calculation simplifies to 

(8) Sumner iinita per mg => i°C0j X. B X C 

If digestion and manonietnc analysis are performed at the same tempera- 
ture, so that h = ta, the calculation further simplifies to 

(9) iSumncr units per mg => PcOj X D 

To calculate activity concentrations m terms of Sumner umts per cc of 
the added urease solution, substitute 2 for “mg ” m Equation 7, or, when the 
time IS 5 minutes, use Equation 8 or 9 unchanged 

To obtain tho factors in column B, Table I, the factors for calculating rag of urea 
nitrogen per liter of 1 10 blood filtrate from analysis of 5 cc samples, with 5 =* 5 7 
cc and a = 2 cc ((4) p 712, or (14) p 369) are multiplied by 0 0065 to give the mg 
of ammonia nitrogen in half of the 13 cc of digest, and thereby to permit the use of 
the convenient constant, 10, in Equation 7 

SPECIAL POINTS IN VIANOMETRIC PROCEDURES A AND B 

Modifications of Procedure to Obtain CO: Pressures within the Desirable 
Range — ^The desirable range of Pcoi is from 200 to 500 mm If the CO: 
pressure is much less than 200 mm , the measurements are less accurate If 
such a low pressure is obtamed by the routme procedure, more accurate 
results will be obtamed by repeatmg the determmation with a urease 
solution contammg 2 mg or more of the urease preparation per cc , mstead 
of the routme 1 mg If Procedure B is used, m which the digestion is 
earned out m the absence of mercury, the desired mcrease m CO 2 yield can 
be obtamed, without use of a more concentrated urease, by lengthenmg 
the duration of the digestion penod to 10 or 15 minutes 

If the CO 2 pressure is over 500 mm , so much ammomum carbonate will 
have been formed that the pH has been raised above 7 3 As shown by 
Fig 1, when the pH exceeds 7 3 the velocity of the urea hydrolysis begms 
to decrease, and the rate of CO 2 formation ceases to be accurately propo^ 
tional to the urease activity In such a case the urease solution is dilute 
with 5 per cent albumm so that the concentration of urease prepwation 
IS 0 5 mg or less per cc , and the activity is redetermmed with t e ute 
solution 

When any of these changes are made fiom the routme 5 mmute gestion 
or 0 1 per cent urease solution, the calculations must be made y quaUon 
4 (Procedure A) or by Equation 7 (Piocedure B), and not by t e simp 
Equations 5, 8, or 9, that can be employed for the routme con tions 

Effects of Mercury in Procedure A — The longer the appara us s an 
between duplicate determmations the greater is the amount o mercury ion 
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formed m the chamber, and consequently the lower will be the apparent 
activity of the enzyme measured by Procedure A, unless the apparatus is 
thoroughly shaken with egg albumm solution before the determination 
The prescnbed smgle nnsmg with the egg albumm solution is adequate to 
reduce the retardmg ions to an msignificant concentration only when the 
chamber is washed with the albumin immediately before the firat determina- 
tion of a senes, and when the subsequent determmations follow one another 
m close succession Should the work be mterrupted for more than 10 
mmutes, it is advisable to shake up the mercury m the chamber for 2 
mmutes ivith a few cc of albumm solution before proceedmg with analyses 

As shown m Fig 3, the amount of urea split is almost proportional to 
the time of action of the enzyme The very shght decrease m activity 
with time mdicated m Fig 3 is due largely to mactivation of the enzyme 
by mercury ion forming m the chamber after the start of the mcubation 
The retardation by this factor is so small that it can be neglected for most 
purposes, provided the concentration of enzjrme used is not so low as to 
necessitate prolongation of the mcubation penod to more than 10 mmutes 
The purer the mercury m the apparatus the slower is the formation of 
mactivatmg ion In general it is preferable to keep the digestion penod of 
Procedure A withm 5 mmutes and use mcreased amounts of urease if the 
activity 13 too low to give 200 mm of Fco. with 0 1 per cent urease solu- 
tion 

Uniformity of Urease Solution or Suspension — ^When jack bean urease 
prepared by the acetone precipitation method is mixed with water, part 
of the matenal dissolves and part forms a mdky colloidal suspension For 
accurate activity determmations it is necessary to make the suspension 
uniform, as the particles appear to be active m the digestion nuxture In 
50 per cent glycerol the material forms a translucent, more uniform solm 
tion, but duphcate activity measurements on the glycerol solution agreed 
less closely than those on water suspensions, presumably the viscosity o 
the glycerol solution made accurate pipettmg difficult To obtam a uni 
form mixture of the enzyme with water, the water is added m small por 
tions, the first bemg just enough to wet the powder Each portion o 
water is thoroughly stirred mto the mixture before another portion i5 
added, until most of the water reqmred to make a 10 per cent mixture M 
been added The mixture is then made up to volume, and more u ^ 
solutions are prepared from it Before a portion is withdrawn, o ^ 
the 10 per cent or the more dilute solutions, the solution is stirre vvi 

footed rod j. 

Effect of Temperature — ^An error of 1° m recordmg the tempera ^ 
which the digestion occurs wdl cause an error of approximately par 
m the estimated activity 
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n ACriVlT'i MEASUREMENT BY THE AER.ATION-TITRATION METHOD 

Apparatus 

The only speciil apparatus required is the series of aeration tubes 
described by Van Slyke and Cullen ((1), (14) p 548) It is important that 
the test-tubes in wluch the urease acts, and the fittings for these tubes, 
shall not be allowed to touch Nessler’s reagent or other mercury solution 
If such contact occurs, the tubes and fittmgs must be cleaned thoroughly 
with nitric acid 
Reagents — 

Urea-buffer mixture of pH 6 8 3 gm of urea, 1 10 gm of K 2 HPO 1 , 

0 85 gm of NaHjPOi H 2 O, diluted to 100 cc with water 
Caprylic alcohol ' 

Brom-cresol green, 0 1 per cent 
10 per cent egg albumin 
Bone acid, 4 per cent (approximately) 

0 01 sulfunc acid 

Saturated potassium carbonate, 90 gm per 100 cc 
Urease solution, 0 2 per cent m 5 per cent egg albumm, is prepared by 
dilutmg 1 cc of 5 per cent urease and 12 5 cc of 10 per cent albumm* to 
25 cc with water 

Procedure — ^The urea-buffer solution is brought to room temperature, 
the temperature of the solution is recorded, and 5 cc portions are measured 
mto each of two aeration tubes (Tube A of Van Slyke and Cullen (1), 
Fig 2, (14) Fig 74, p 548) One tube serves as the digestion tube for the 
action of the urease, the other tube serves for the blank, to determme the 
ammoma present m the reagents 

Two receivmg tubes (Tube B of Van Slyke and Cullen (1, 14)) are charged 
each with 25 cc of 4 per cent bone acid solution and 2 drops of brom-cresol 
green solution 

Into each of the two tubes with urea-buffer solution are dropped 2 drops 
of capryhc alcohol, and mto each bone acid tube 1 drop 
To the digestion tube 1 cc of the 0 2 per cent urease solution is added, 
the solutions are mixed with the inlet aeration tube, and the exact tune of 
mixing is recorded The stopper is set in place and digestion is allowed to 
proceed exactly 15 mmutes If the room temperature is vanable, the 
digestion tube ls stood, before and durmg digestion, m a large beaker with 
water at recorded temperature At the end of the 15 mmute penod the 
stopper IS lifted momentarily and 10 cc of saturated K 2 CO 3 solution are 
qmckly added and mixed ivith the solution The stopper is qmckly set m 
place to prevent escape of ammonia, and the tube is connected with its 
bone acid receiving tube 
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During the 15 minute penod of enzyme action 10 cc of saturated KiCOj 
solution are added to the blank and mixed mth the urea-buffer solution 
After the carbonate is mixed nuth the urea, 1 cc of 0 2 per cent urease solu- 
tion IS added, dropnnse wnth constant stirrmg The alkalme carbonate 
prevents any action by the enzyme m the blank tube 
After the digestion has been ended both the digestion tube and the blank 
are connected ■with their bone acid recei'vmg tubes, and the ammonia 
formed is aerated mto the acid as directed by Van Slyke and Cullen ((2), 
(14) p 550), by passage of about 75 hters of air through the tram Room 
air IS freed from traces of ammoma by passage through 5 per cent sulfunc 
acid placed m an extra tube first m the series 
To assist m ascertammg the end-pomt of the titration a control solution 
IS prepared by measunng 25 cc of the 4 per cent bone acid and 25 cc of 
■water mto an aeration tube of the same dimensions as the receivmg tubes, 
and addmg 2 drops of the brom-cresol green solution The solubon m 
each recei^vmg tube is titrated mth 0 01 N HjSOi or HCI untd the color 
approaches that of the control Then enough n ater is added to brmg the 
volume to approximately 50 cc and the 0 01 N acid is added untd the 
titrated solution matches the control 
If the titration requires less than 10 or more than 25 cc of 0 01 N acid, 
the determmation is repeated with a different concentration of urease 
Calculation — ^The cc of 0 01 n acid used to titrate the ammonia from the 
digestion tube is mdicated as acid, and the 0 01 Nacid reqmred to titrate the 
blank as blank The mg of urease m the digestion tube are mdicated as mg 
C is the factor (Table I, column C) nhich corrects for the difference m 
enzyme activity at 20° and the activity at room temperature Then 


Sumner units per mg 


0 CW67 X C (acid minus blank) 
mg 


When 2 mg of urease are used (1 cc of 0 2 per cent) the calculation is 
Sumner units per mg = 0 02335 X C (acid minus blank) 

The procedure of absorbing the ammonia in -i per cent bone acid solutnm 
and titratmg back with standard sulfunc acid to the initial pH of the bone aci . 
introduced for Kjeldahl analyses by Meeker and Wagner (17) is used above in p 
of receiving the ammonia in 0 01 or 0 02 n HCI solution and titrating the , 

alkah, as done by Van Slyke and Cullen (7, S) This substitution m 
Cullen aeration method has previously been used by Sobel el at (18), mt - P® 
bone acid as the recemng solution Van Slyke and Hiller’ have found, ’ j 

the passage of 75 liters of air through a 2 per cent bone acid solution, con ai 
2 mg of ammoma, dnves off about 1 per cent of the ammoma If P®® ® 
acid IS used, instead of 2 per cent, the loss is dimimshed to about 0 3 per cen 


’ Van Slyke, D D , and Hiller, A , unpublished data 
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precision greater than 1/300 is needed, the eonvenienco of the bone acid method makes 
Its substitution worth while When the end point is reached in the bone acid titra- 
tion, it 18 essential that the titrated solution and the control used for comparison be 
within about 2 cc of the same volume, a difference of 2 co in volume makes a change 
of about 0 03 in tho pH of the end point With moderate care the titration error due 
to the end point can bo kept w itliin 0 02 cc of 0 01 n sulfuno acid 

HI VCTIVITY llEASUREMENT BA THE COLORIMETRIC TIMING METHOD 

This procedure is based on the general law of inverse proportionahty 
betiveen enzyme concentration and the tune reqmred for a given amount 
of product to form, which has been discussed m the theoretical part of the 
mtroduction Van Slyke and Cullen (7) showed that this law holds for 
urease In the present timmg method the urease acts on urea m a phos- 
phate buffer solution The ammonium carbonate formed reacts with the 
acid phosphate m the buffer 

CO.- -1- H.POr Hco,- + HPOr 

The result is an mcrease m the ratio, HPOr HjPOr, and m pH, which 
depends on the amount of amm onium carbonate produced Consequently 
the timmg principle can be applied by observmg how long it takes the pH 
m a given buffer solution to rise to a defimte pomt Such apphcation has 
been made by Hunter and Dauphmee (19) to the measurement of argmase 
activity 

In the present procedure a buffer solution is used which sets the imtial 
nuxture at a pH of 6 7, and the time is measured which is required for the 
pH to rise to 7 7 

Reagents — 

0 1 'per cent phenol red 

10 per cent solution of urease to be tested 

1 ii NaHJPOi, 13 8 gm of NaHiPO. H-0 per 100 cc 

1 n K-<HPOi, 17 4 gm per 100 cc 

Buffered urea solution oi pH 6 7 is prepared by dissolvmg 3 gm of urea 
lu 10 cc of molar NaH2PO<, 10 cc of molar K2HPO4, and suflScient water to 
make the volume 100 cc 

Control buffer of pH 7 7 Into a 100 cc graduated cylmder measure 
1 cc of molar NaH 2 P 04 and 7 cc of molar K 2 HPO 4 and dilute to 80 cc 

Procedure 

To 5 cc of buffered urea solution of pH 6 7 m a 20 X 150 mm test-tube, 
and to 5 cc of control buffer of pH 7 7, without urea m a similar tube, are 
added 2 drops of phenol red The solutions are brought to room temoera- 
ture or to the temperature of a water bath The temperature is recorded 
0 5 cc of 10 per cent urease is added to each tube, and mixed with a footed 
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rod, and a stop-watch is started The exact time is noted that is required 
for the tube with the urea enzyme to reach the same red shade as the 
control The matchmg of colors is best made m a good hght with a white 
background immediately behmd the adjacent tubes 50 mg of urease 
(0 5 cc of 10 per cent solution) contammg 0 20 unit per mg (an average 
preparation of acetone-precipitated jack bean urease) reqmre 5 minutes 
at 20° 


Tabie II 


Factors for Colonmetrie Timing Method 


Temperature 

Factor 

Temperature 

Factor 

C 


•c 


5 

2 10 

25 

0 758 



26 

0 727 

10 

1 62 

27 

0 689 


1 54 

28 

0 653 

12 ! 

1 47 

29 

0 620 

13 

1 40 



14 

1 33 

30 

0 590 



31 


IS 

1 26 

32 


16 

1 20 

33 


17 

1 14 

i 34 

0 485 

18 

1 08 



19 

1 03 

35 

0 461 

20 

0 982 

40 

0 363 

21 

1 0 937 



22 

0 890 

45 

0 304 

23 

0 842 



24 

0 800 

50 

0 270 



55 

0 245 


If the colors match m less than 2 mmutes, the determmation is repea 
with urease solution formed by ddutmg 1 volume of the 10 per cent so u on 
to V volumes with water Ordmanly no dilution is needed, and V — 
Calculation — 

factor X V 

00) Sumner units per mg = 

The factors are given m Table II They were determined 
observmg the time mtervals required at different temperatures or 
of known activity to raise the pH to 7 7 
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EXPERIMENTAIi MANOMETRIC 

Effects of Too Much Urease or Too Ltllle Protein on Activity Meat,u) emenU 
— ^The activities of two preparations of urease as indicated the technique 
outlined in the original method of Van Slyke and Cullen (1) i\eie compaied 
with the values obtamed by (a) the manometric method, Procedure A, 
outhned above, and (h) the same manometric procedure modified bi omit- 
tmg the albumm The results are recorded in Table III 
The lower “apparent units” by the titration method are due to the fact 
that more units of urease were present than this method was designed to 
measure, and so much ammonia was formed that the phosphate buffer did 
not suffice to hold the pH from rising above 7 2 When the manometnc 
procedure was modified bj omission of the albumin, lesults w'ere also low. 


Table III 

Ditntnulion of Apparent Urease Activity by (a) Using So Much Urease That Final 
pH Exceeds 7 3 (Titrimetric) or (6) Omitting Egg Albumin (Manometric) 


1 

Preparation 
of ureoM 
Squibb 8 
double 
streogtb 

Titrimetric vofume 6 cc urease 
Id 7 mg per ce urea iO mg 
per cc phosphate 0 417 u 
' digestion period IS mm 

l^faoometric volume 6 5 cc urease 0 154 ng per cw 

1 urea 2S mg per cc phosphate 0 05 m 

digestion period a mm 

No albumm 

No albumin 

a per cent albumin 

: NHrN 
formed 

Apparent 

Sumner 

units 

pH at 
end of 
reaction 

FCOt « = 2 cc 

Apparent 

Sumner 

units 

•PcOi “ “ 2 cc 

Sumner 

units 

I 

II 

mt 

45 16 
48 49 

per mg 

0 1505 

0 1616 1 

8 7 

8 9 

mm 

47 2 (25 9°) 
51 1 (26 0°) 

per mg 

0 123 

0 132 

mm 

102 7 (25 5°) 
115 5 (25 0°) 

per mg 

0 272 

0 314 


* In the manometnc activity determinations the pH remained within the range 
6 8 to 7 2 throughout the reaction period 


chiefly from the effect of the mercury The correct results are given m 
the last column of Table III 

Changes in pH and Reaction Velocity When High Activity Urease Is Used 
in the Van Slyke-Cullen Activity Determination — In Fig 1 the pH and 
velocity are plotted agamst both tune and the amounts of ammonia mtro- 
gen formed The results were obtamed with a 10 per cent solution of 
“double strength” urease (Preparation I, Table III) actmg under the con- 
ditions of the Van Slyke-Cullen assay (1) The pH of the digestion mixture 
was observed at mmute mtervals m a glass electrode for 15 mmutes at 20° 
The ammoma hberated was measured m separate reaction mixtures b\ 
aeration and titration, as described by Van Slyke and Cullen (1, 2) 

Effects of Presence of Metallic Mercury, and of Addition of Egg Albumin, 
When the Concentration of Jack Bean Protein Is Small — ^The results of three 
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senes of expeninents are shown m Fig 2 The digestions and analyses m 
two of the senes were earned out in the manometne chamber, in the pres 
ence of metalhc mercury, as m Procedure A In the third senes, the results 
of which are given by the mtermediate curve, the digestions were earned 
out m a flask, without contact with mercury, by the technique of mano- 
metric Procedure B, except that no albumin was present The mcubations 
were conducted at room temperature and lasted 5 mmutes The values of 
Pcoi observed were multiphed by the C factors m Table I, to give the 
amounts of ammoma that would be formed at 20° The vanable in each 
series was the concentration of “double strength” urease in the en 23 me 
solution added 

Time in minutee 

0 I 2 3 4 5 5 1 8 9 10 n 


9 
8 
8 

7 
6 

0 3 6 9 12 15 10 21 M 27 30 33 36 M 12 » 

Mg ammonia N foi>inecl 

Fio 1 Change of pH and velocity of reaction when 1 co of 10 per cent urease 
(27 Suniner units) acts at 20° on 5 cc of molar urea in 0 5 m phosphate 

From the uppermost curve it is seen that under the conditions of Pro- 
cedure A, with albumm added, the amount of ammoma formed is directly 
proportional to the amount of urease present 

The lowest curve, from the digestions m the presence of metalhc mercury 
with no added egg albumm, was made with a urease preparation shghtly 
stronger than that used for the other two curves, this lowest curve indicate 
that m the digests with the smallest amounts of urease nearly ah o' ® 
latter was mactivated When the concentration of urease powder excee 
0 01 mg per cc of digest, the mcrease m rate of ammonia formation or 
each further mcrease m urease concentration paralleled the mcrease m 
cated by the uppermost curve The explanation appears to be that v e 
a solution contammg less than 0 01 mg of urease preparation per cc 
used the concentration of jack bean proteins, which constitute t e grea 
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part of the commercial “urease” employed, was not sufficient to protect the 
enzyme from mactivation The inactivation was partly the effect of the 
mercury, and partly (middle curve. Fig 2) the effect ather of other sub- 
stances m the reagents, or of mere dilution m the absence of protectmg 
protein (10) That mactivation of the more dilute urease solutions occur- 
red, even m the absence of mercury, is shown by the mtermediate curve 
of Fig 2 

In the Van Slyke-Cullen (1) activity estimation the use of 1 cc of 10 per 
cent solution of crude soy bean urease provided sufficient protective protein 



Fia 2 Influence of albumin on activity of dilute solutions of urease in presence 
and absence of mercury 

to prevent such mactivation When the smaller amounts required of the 
more active jack bean urease are used, especially the mmute amounts used 
m the sensitive manometnc procedures, addition of other protective 
protem is necessary 

PToporhoTiahly between Duration of Urease Action and Amount of Ammonia 
Formed under Conditions of Manometnc Procedure A — ^Fig 3 shows the 
degree of proportionahty existmg between the duration of the reaction and 
the amount of ammoma formed by 1 cc of 0 1 per cent urease m the 
manometnc chamber 

Temperature Coefficient of Urease Action under Conditions of the Actimiy 
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Measurements — ^With the manometnc Procedure A reactions were run at 
different temperatures by regulatmg the temperature of the water jacket 
surroundmg the Van Slyke-Nedl blood gas chamber Water of the desired 
temperatures was circulated through the water jacket before and during 
each mcubation The buffered substrate was allowed to come to tem- 
perature equdibnum withm the chamber before addition of the enzyme 
The enzyme solution was measured m a stop-cock pipette at room tem- 
perature The pipette and its contents were then brought to a temperature 
approximatmg that of the substrate After completion of the mcubation 
and before extraction of the CO 2 the temperature was adjusted, when 



Fia 3 Proportionality between amount of substrate hydroJyred and duration of 
mcubation under conditions outlined in Procedure A 

necessary, to fall withm the range of Van Slyke's manometnc factoia 
{(4) p 713) 

4* 10 ) ^ coefficient as recorded m Table IV 
Rata at t“ 


^ _a factor C for t® as recorded in Tables I and IV 
Rate at 1 

Table IV shows that the temperature coefBcients for urease 
the conditions of the present manometnc method vary from 1 48 e 
30-40° to 1 77 between 5-15° 

Under the conditions of the colonmetnc method (Table II) t e 
temperature coefBcient for the same temperature range vanM rom 
1 67 The difference between the temperature coefficients ob “ 
manometnc method and the apparent coefficients calculate r 
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obtained by the colorimetnc method is due partly to the effect of tem- 
perature on the pH of the buffers and consequently on the difference m the 
amount of (NH<)iCOj which is required to change the buffer from the mitial 
pH to that at which the color m the two tubes match In the colorimetnc 
method the amount of ammonium carbonate required to brmg about a 
matchmg is not the same at 5° as at 20° or 40° Hence the true tempera- 
ture coefficient can be determmed only by the manometric oi titrimetnc 
methods Correct activity i alues are given by the colorimetnc method 
because corrections for all temperature effects, on buffer and mdicator 
as well as on the enzyme, are mcorporated m the factors of Table II 

TiBin rv 


Temperalure Coefficxenta of Urease /Is Determined by Manometric Procedure 


Temperature 

Factor C Table I 

Temperature cocfficeat 

C 




5 

2 31 



10 

1 76 1 



1 77 

15 




1 76 

20 




1 67 

25 


■j 


1 62 

30 

0 617 



1 52 

35 




1 48 

40 

0 417’ 




SUMMARY 

1 Egg alb umin has been shown to protect urease m dilute solutions from 
mactivation 

2 The ongmal manometnc and titnmetnc procedures for measunng 
urease aetivity have been modified for apphcation to the more active urease 
preparations now avadable 

3 A simple colorimetnc procedure has been added, the speed with which 
pH IS raised m a specified phosphate-urea solution serves as a measure of 
the rate of ammomum carbonate formation, and of urease activity 
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Existing methods of measuring glutamine depend upon either the hbera- 
tion of ammonia by mUd acid l^'drolysis (1) or on the fact that when 
heated at 100° m neutral oi slightly acid solution transformation to pyrroh- 
donecarboxj'hc acid occurs ivith disappearance of the ammo mtrogen (2) 
determmed by the nitrous acid method (3) and disappearance of the 
— CH(NH 2 ) COOH group determmed by evolution of its COj when heated 
with ninhydnn (4, 5) 

In view of the growmg mterest in the physiological r61e of glutamme 
(5-9) it seems desirable to have available also a specific enzymatic micrO' 
method 

Ejrebs (9) demonstrated that the cortex of rabbit, pig, gumea pig, and 
sheep kidney contained an enzyme, glutammase, which hydrolyzed gluta- 
mme to glutamic acid and ammoma, and the writer has desenbed a prepara^ 
tion adapted to analytical use (10) The present paper outhnes a method 
which uses this enzyme to determme the glutamme content of blood, 
plasma, and plant extracts and to assay the punty of glutamme prepara- 
tions Use of this method to assist m identifymg glutamme amide nitrogen 
as a source of unnary ammoma has been published m a prehnunary note 
( 11 ) 

Two procedures iviU be desenbed In one, the “filtrate nesslenzation 
procedure,” the digest is deprotemized and the ammoma is determmed m 
the filtrate In the other, the "distillation procedure,” the ammoma is 
distilled m vacuo and nesslenzed m the distillate The filtrate method, 
though less accurate and less satisfactory than the distillation method, is 
mcluded smee it permits approximate estimation of glutamme when the 
distillation apparatus is not available 

Apparatus 

Incubator or water bath at 38° 

Apparatus for rmcro ammonia determination (12) 

Reagents Used Only tn FiUrate Nesslenzation Procedure 

10 per cent sodium tungstate 

05 N HeSOi 

2 5 per cent potassium persulfate Stored m ice box, fresh weekly 

1 0 per cent potassium gluconate Stored m ice box, fresh weekly 

* Fellow of the National Research Council, Division of Medical Sciences 
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Reagents Used Only tn Distillation Procedure 

Saturated borate buffer to give pH 10 0 A mixture of 47 cc of 18 n NaOH 
(or 34 gm of NaOH or 47 6 gm of KOH), 185 gm of borax (U S P 
powder), and 1800 cc of water is boiled for 15 minutes to remove traces of 
ammonia The solution is cooled to about 30“ and made up to 2 liters mth 
uater 2 cc of the diluted solution mth 0 5 cc of 1 m phosphate buffer of 
pH 7 2 give a solution of pH 9 9 (glass electrode) 

0 04n HiSOi (approximate) 0 56 concentrated H2SO4 diluted to 500 cc 
Aniifaam 1 volume of sorbitan monolauiate* and 3 volumes of liquid 
paraflSn - 


Reagents Used for Both Procedures 

Potassium cyanide, 0 04 u, pH 7 2 To 2350 cc of distilled water add 
6 5 gm of KCN and 150 cc of 1 w NaHjPOj The cj anide solution should 
be stored m the ice box and prepared fresh at least evei^ week to keep the 
ammonia blank near its mmunum 

Phosphate buffer, lit To 1 \ olume of xi NaHiPOi are added 3 volumes 
of M K2HPO4, 0 5 cc of this solution on dilution to 2 0 cc gives pH 7 2 

0 0005 M {NHi)iS0i for Standard 0 0140 mg of NH3-N per cc 

Nessler’s solution, as prepaied by Vanselow (13) 45 5 gm of mercunc 

iodide together with 34 9 gm of potassium iodide are dissolved m 150 cc 
of water 112 gm of potassium hydroxide are added and the volume 
adjusted to 1 liter rvith water 

Glutaminase The "25 per cent” emulsion of dialysed kidney extract 
described m the accompanymg paper (10) It should haxe an activit) of 
at least 10 glutanunase units per cc 

PEOCEDURE A DIRECT NESSDEBIZ XTION OF DIGEST FIDTRATE 

Collection of Plasma foi Glutamine Determination — In the detenmnation 
of plasma glutamine levels blood was drawn m oiled si nnges to nununize 
hemolysis, and was mixed with 1 mg of potassium oxalate, or 0 05 mg 0 
heparm, per cc m CO»-filled centrifuge tubes The blood was centrifuge 
at once, in a cold room oi ice box, and the separated plasma was recentn 
fuged to remove the few lemainmg cells As showai b3 Conway (14), 1 
whole blood is kept in an atmosphere of COj until the centrifugation is 

1 This 13 supplied by the AUas Pow der Companj , Wilmington, Delaware, under t 
trade name of Span 20 

I For some purposes the mineral oil can be replaced to advantage y _ . 
proportions of 2 methyl 2,4 pentanediol, obtained from the Commercia 
Corporation. 17 East 42nd Street, Kew York A warm mixture of 1 part ot 8 X 
monolaurate S (Glyco Products Company) in 4 parts of mineral ou is 
antifoam 
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complete, the aoimonia content of the plasma is thereby reduced to a 
negligible amount Hoi\ever, as ammoma blanks are run on the plasma 
in the present analysis, maintenance of the CO 2 saturation m the present 
analysis is not essential 

Digestion of Sample with Glulaminase — To a sample of 1 cc of plasma, 
or of other fresh neutral matenal contammg 0 05 to 1 2 mg of glutamme, 
0 5 cc of the phosphate buSer (to give a ^al pH of 7 3) then 0 5 cc of 
25 pel cent suspension of dialyzed kidney are added and mixed The 
mixture is meubated 1 hour at 38° 

Blanks — Simultaneously three blanks are lam 

On the Teagents other than the enzyme preparation, a blank is prepared 
m i\hich the sample and enzyme are replaced by 1 cc of water and 0 5 ec 
of cyamde solution, respeetively The NHj-N m the reagent blank is Bg 
On the enzyme, a blank is prepared m which 1 cc of water replaces the 
sample, the enzyme and other reagents bemg present as m the analysis 
The mixture is meubated in the same manner as the analyzed sample 
The ammoma formed is the sum of that preformed m the enzyme prepara- 
tion and reagents plus that formed from matenals m the enzyme prepara- 
tion dunng the mcubation The NHj-N in the enzyme blank is Bjg 
On the sample, a blank is prepared m which the sample is mixed with 
buffer plus 0 5 cc of the cyanide solution instead of plus 0 5 cc of enzyme 
suspension The mixture is meubated m the same manner as the analyzed 
sample In this blank one determmes the ammonia preformed in the 
plasma or other matenal formmg the sample, together with ammoma 
formed dunng the mcubation by actions other than that of glutammase 
Included m the ammonia measured m this blank is approximately 5 per 
cent of the amide nitrogen of whatever glutamme is present in the sample 
This ammoma is split from the amide group of the glutamme m three 
successive stages of the manipulation as follows (a) durmg the 1 hour 
mcubation 2 per cent of the amide mtrogen is hberated by spontaneous 
decomposition at that temperature, ( 6 ) durmg the penod of 1 hour at room 
temperature (25°) between precipitation of the proteins and nesslenzation 
of the filtrate another 2 pei cent is liberated, (c) durmg the 5 mmute penod 
between addition of the Nessler’s solution and the photometer readmg 1 per 
cent IS hberated by the action of the Nessler’s reagent The NH 3 -N m the 
sample blank is Bs 

Deproleinizahon — Immediately at the end of the 1 hour mcubation 
penod 1 cc of 10 per cent sodium tungstate solution is added to each digest 
and mLxed Then 2 cc of the 0 5 n sulfunc acid are added and mixed 
The solution is made up to a volume of 10 cc , mixed, and filtered 
Standard Transmittance Curve — Solutions contammg 0 (So), 0 0140, 
0 0280, and 0 0420 mg of ammonia nitrogen per 5 cc are prepared as 
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follows Of 0 5 mM (NH 4 ) 2 S 04 solution, portions of 0, 1, 2, and 3 cc respec- 
tively are mixed with 0 5 cc portions of a cyamde-phosphate solution which 
13 prepared by mixmg equal volumes of 0 04 m KCN’ and the 1 m phosphate 
buffer Water is added to brmg each ammoma-phosphate cyanide solu- 
tion to exactly 5 cc 

Nesslemalton — Shortly before nesslenzation a solution is prepared by 
mixmg equal volumes of the 2 5 per cent potassium persulfate solufaon and 
of the 1 per cent gluconate To 5 cc of each tungstic acid filtrate and to 
each standard add 1 cc of this persulfate-gluconate solution, which serves 
to prevent development of turbidity from reduction of the mercury in the 
Nessler’s reagent (15) After the maternal is mixed, 0 5 cc of Nessler’s 
reagent is added and mixed 

Measurement of Transnnltance — Durmg the interval between 4 and 6 
minutes after the Nessler’s solution is added the transmittance of the 
solution IS measured m a photometer, hght of a wave-length of 450 m/i 
and a cuvette which provides a transmittmg layer of about 1 cm length 
being used The transmittance of the standard Sa is taken as 100 per cent 
When an instrument with a transmittance scale which extends above 100 per 
cent IS used, it is convenient after adjustmg the instrument to read 100 per 
cent with So, to record the transimttance m the absence of the cuvette, and 
when compensatmg for any instrumental fluctuations durmg the series to 
adjust to this reading mthout the cuvette rather than to read 100 per cent 
transmittance with So 

Special Timing Conditions for Blank Bs — In order to make the ammonia, 
split by non-specific reactions from glutamine m the sample blank, total 
the estimated 5 per cent of the glutamme amide nitrogen, the period during 
which the tungstic acid filtrate stands before nesslenzation is set at 1 hour, 
before the Nessler’s solution is added, and the penod of 5 mmutes between 
addmg the Nessler’s solution and measunng the transmittance must be 
accurate ivithm ±1 rrunute 

Calculation — ^The glutamme amide mtrogen (half the total glutamine 
nitrogen) m the sample analyzed is calculated as 
(1) G = 1 05(iV - Bs - Bs + Bs) 

The amount of glutamme is G X 10 43 

G = glutamine amide nitrogen 

tv = the total ammoma nitrogen measured in the incubated diges 

Bs = “ NHj N found in the enzyme blank. 

Bs =. " “ “ " " sample “ 

Bs = “ “ “ “ “ reagent '' 

’ As it decreases the amount of color developed inth Nesaler s reagent, 
must be added to each standard in a concentration equal to that preaen in 
known 



R il ARCHIBALD 


647 


Derivation of Equation 1 — ^Besidcs the symbols used m Equatioa 1 the 
following are emplojed 

!i “ NHj N protorraed m Iho sample 

s = “ formed in tho sample blank from spontaneous decomposition of non- 

glutamine substance of the sample during incubation at 38° 

Cl •» N'Hi ff preformed in the enzjme suspension 
“ “ formed from substances of the enzyme suspension dunng incubation 

at 38° 

Tj ™ NH> X in reagents (buffer, etc ) other than the enzyme suspension 

From the conditions described 

(2) W = (7 + 3i + 3i + ei + ej + ri 

(3) Bq »> 0 QSG “b Si -h -h ri 

W St •=> Cl -i- et + r, 

(5) Bn =• ri 

Subtraction of the sum of the blanks, equations (3) + (4) + (5) from (2) 
gives 

(S) iV - (Ba + Bb + 5r) = 0 95G - 2r, 

Smee n == Br, we can substitute Br for n Making this substitution and 
solving for G we have 

(7) <7 =■ I 052(iV - Bs~Bt + Br) 

PROCEDURE B NESSLERIZATION OF DISTILLATE FROM DIGEST 

2 cc of plasma or 1 to 5 cc of other neutral solution (containing 0 05 to 
0 0 mg of glutamine), 0 5 cc of molar phosphate buffer, andO 5 cc of 25 
per cent suspension of dialyzed kidney m 0 04 m KCN are incubated 1 hour 
at 38° Appropriate blanks for ammonia production m the eniyme 
m the sample (fis), and m the reagents {Br) are prepared as mdicated for 
Procedure A and meubated at the same time The tubes contaming 
unknowns and blanks are then placed m ice water or m a thermos bottle 
partly filled with dry ice The contents of each tube are transferred in 
turn to a 50 cc thick walled centrifuge tube with a mmimnm of wash water, 
and 1 drop of antifoam mixture is added ■* Alkalmization with borate and 
\ acuum distillation of the ammonia into 5 cc of 0 04 n HjSOi are earned 
out m the apparatus desenbed bj Archibald (12), with the bath at 50° 

* Caprylic alcohol cannot be used as antifoam reagent without special precautions, 
because it coagulates the red colloidal ammoma mercury compound formed in 
Xessler’s solution However, if I cc of persulfate gluconate (IS) mixture is added 
before the Nessler’s solution the use of ■! drops of caprylic alcohol as antifoam is per 
nussible The sorbitan laurate has the advantage over caprjhc alcohol that it does 
not distil over to any appreciable extent, 1 drop lasts for the whole determination, 
and the later use of gluconate persulfate is unnecessary 



DETEEMINATION OF GLOTAimfE 


t)48 

and the solution at 35-42° After addition of 2 cc of the borate to the 
enzyme digest, the pH of the mixture is 9 9 

The distillation of the ammonia is complete in 5 mmutes The distillate 
and rinsmgs are run directly into a 10 cc volumetnc flask and the volume 
IS adjusted to 10 cc 

Standards are made up m 10 cc volumetnc flasks with 1, 2, 3, or 4 cc 
of 0 0005 M (NH4)2S04, 5 cc of 0 04 n HjSOi, and uater to volume ® The 
Nessler blank is made up, 5 cc of 0 04 n HjSOi and water to 10 cc 

To each flask (Nessler’s blank, other blanks, standards, and samples) 
IS then added 0 5 cc of Nessler’s reagent The resultmg solutions haie 
been read m our analyses in Coleman’s Spectrophotometer 10 S ivith a 5 ma 
sht at 450 mix wave-length against the Nessler blank which is set at 100 per 
cent transmission Thus conection is automatic for the small amount of 
ammonia present m the 5 cc of 0 04 n acid, and the distilled water used to 
make up to volume Correction for the ammonia present m the water 
used to transfer the enzyme digest to the distillmg tube is included m Br 

Calculabon — The calculation is by Equation S, which is the same as 
Equation 1, except that the constant 1 05 is replaced by 1 022 

(8) G = 1 022(Ar ~ Bs- Bs + Br) 

The denvation of Equation 8 is simdar to that of Equation 1 Honeier, 
the correction factor, 1 022, replaces the factor 1 05 of Equation 1 because 
the procedure used here, w hen apphed to determination of the blank Bs, 
liberates NHj from only 2 2 per cent, instead of 5 per cent, of the amide 
group of the glutamme present The freeing of 2 per cent of the amide 
mtrogen as ammonia which occurs m Procedure A durmg the hour of stand 
mg of the tungstic acid filtrate pnor to nesslenzation is here avoided, and, 
in place of 1 per cent freed by decomposition of glutamme m Bs by Nessler ■> 
solution m Procedure A, only 0 2 per cent m Pioceduir B is liberated dunng 
the distillation 


DISCUSSION OF TECHNIQUE 

Conditions for Nesslenzation of Filtrate in Procedure A — ^Direct nesslenm 
tion of filtrates from the enzyme digest gives satisfactory results 
the concentration of mterfermg substances is small With uremic o 
or tissue filtrates there is piesent too high a concentration of urea, v 'C 
shifts, and changes the shape of the absorption curve, and of 
which reduces Nessler’s leagent and is largely lesponsible for the tur i i 
so frequentlj' encountered in direct nesslenzation The glucona e 
sulfate mixture recommended by Gentzkow (15) is adequate to 
clouding onU when the concentration of creatmine is less than lOg 

® There is no need m this procedure to add cvanide to the standards, sin 
IS retained by the acid distillates 
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100 cc Gentzkow obtained theoretical recovery of ammonia on direct 
nesslerization of urease-treated blood filtrates only when X = 490 to 510 
mu We find that the e-length at iihicli recovery of added ammoma 
13 theoretical is mcreased m the presence of P3’’ruvate and decreased by the 
presence of urea and ammo acids In the presence of the latter, recovery 
of added ammoma is theoretical at about 450 mju With our reagents and 
technique of direct nesslerization recovery of ammoma added to dog tissue 
or plasma filtrates has been theoretical onlj at 450 to 470 m/i Smee 
Nessler’s reagent is more sensitive at 450 than 500, and absorption bj the 
Nessler blank is increased onl}’- shghtly by usmg the shorter wave length, 
we have used X = 450 m/i for measurmg the ammoma m the “direct” 
nesslerization procedure as well as after distillation 

Relative Advantages of Nessleming Distillate Rather Than Filtrate (Pro- 
cedure B Versus Procedure A) — ^The distillation procedure has the following 
advantages As no protem precipitation is necessary, there is no loss of 
glutamme in a bulky precipitate The whole of the enzyme digest instead 
of an aliquot is available foi analj’'sis, and smaller concentrations of gluta- 
mme can be determmed No creatmme, ammo acids, or other filtrate 
matenaJs are present to complicate conditions for nesslerization of the 
diatillate No gluconate-persulfate is necessary Any cyanide distilled 
off IS not caught bj' the acid, hence cj'anide need not be added to the stand- 
ards Absence of mterfermg constituents permits selection of a wave- 
length over a w ide range With the distillation technique, results are moie 
accurately reproducible, and blank values are more consistent, than mth 
the direct nesslenzation of filtrates This is especially true of the correc- 
tion value for preformed ammoma The a mm onia liberated from gluta- 
mme itself, m blank deternunation Bg, dunng the distillation at 38-42° 
and pH 9 9 m 5 mmutes is only 0 2 per cent of the glutamme amide N, 
whereas m Procedure A the blank Bs mcludes about 2 per cent of the gluta- 
mme amide nitrogen which is freed as ammoma durmg the clearmg pro- 
cedure, and an additional 1 per cent hberated by the action of the Nessler 
reagent While correction for ammoma from these sources is made m the 
blank m Procedure A, the correction is less constant and accurate than the 
smaller one obtamed m the distillation technique 

Results 

Table I compares the results bj' the two methods of the enzymatic 
deternunation of amide N of glutamme preformed m plasma, of glutamme 
added to plasma, and of pure glutamme m distilled water 

Fig 1 indicates the rate of action of the enzyme on pure glutamine solu- 
tion and on plasma and shows that the reaction is usually complete withm 
^ hour 

Tables II and III show the glutamme amide N concentration m a number 
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of plasmas from fastmg human subjects and from fastmg dogs The 
parallel results “by nmhydrm” are by a method which will be descnbed 
m a later publication by Dr P B Hamilton 
Table IV indicates the concentration of glutamme (as determined by the 
en 2 ymatic method) in synovial fluid and yolk and white of fresh chicken 
egg Table V shows the purity of glutamine preparations as mdicated by 
the enzymatic and nmhydrm methods 



Fig 1 Tune curve of hydrolysis of glutamine in water solution and in plasma at 
pH 7 2 at 38° by 0 5 cc of 25 per cent suspension of dog kidney m 0 04 m KCN 


Table I 

Recovery of 0 i Mg of Glutamine by Two Methods 



Glutamme amide 
N m dog plasma 

Recovery of 
glutomiDe added 
to plasma 

Recovery oj 

glutamme added 
to water 


mi ptr iOO cc 

per cent 

per cent 

Nesslenzation after distillation 

0 62 

100 0 

100 0 


0 62 

100 2 

100 2 

Direct nesslenzation of protein free 

0 65 

95 2 

106 4 

filtrates 

0 66 

95 2 

103 7 


Enzymatic analysis for glutamme in unne is at present not entire v 
satisfactory, presumably because inhibitmg substances are present in unne^ 
Eecovery experiments, however, indicate that the amide N of free glutamin 
m urme is almost insignificant m amount , ]g 

In dog urme excreted bettieen the plasma samphngs mdicated m 
HI imder Dog B-18, June 24, glutamme amide N was less than 
per 100 ec , the excretion rate was less than 0 01 mg per nunute 
Urme values for dogs m acidosis aie of the same order of magmtu e 
urme output m a normal human is 11 mg of amide N per 24 ours ^ 

IS of the same order of magnitude as the value for glutamic aci 
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per 100 cc ) reported by Cohen (16) as present m human unne Cohen’s 
method of determination nould mclude glutamme as well as glutamic acid 


■ Table II 

Glutamine Amide N Content of Plasma of Fasting Humans 








Glutamme 









amide N 


N of 








Total 

glutamme 
05 per cent 
ot total 

Fiticnt 

Age 

Sex 

Dta^o&ls 




a amino 






By 

By 

Dinoy 

N 







glutam 


a ammo 







IDOflC 

dnn 


N 







me per 
JOO cc 

mg per 
100 cc 

mg per 
100 cc 

Per cent 

R 


34 

M 

Normal 




3 96 

22 0 

D 

S 

25 

II 

Convalescent, malana 












0 74 




G 

L 

20 

II 

II 11 


0 82 










0 82 




J 

D 

22 

II 

II 11 


0 66 


3 72 

17 7 

P 

T 

22 

11 

II II 


0 99 










0 98 




R 

K 

22 

11 

Malana (in chill) 


0 37 


3 36 

11 0 

L 

P 

22 

11 

Convalescent nephntic 


0 80 


4 79 

16 7 

W 

G 

46 

11 

II II 


0 70 


3 80 

18 4 

J 

W 

23 

II 

II II 


0 66 


4 04 

16 3 

R 

B 

12 

II 

II II 


0 72 


3 43 

21 0 

C 

T 

6 

F 

II II 


0 50 


2 70 

18 5 

L 

R 

5 

M 

II II 


0 66 


3 37 

19 6 

W 

M 

12 

II 

II II 


0 66 


3 78 

17 5 

S 

R 

14 

II 

II II 


0 75 


3 27 

23 0 

L 

W 

4 

F 

Nephrotic, Oct 26, 1942 


0 30 


2 94 

10 2 





Nov 2,1942 


0 20 


2 66 

7 5 





“ 6, 1942 


0 66 




J 

A 

6 

II 

II 


0 71 




M 

R 

5 

II 

Convalescent nephrotic 


0 87 


4 52 

19 2 

C 

S 

32 

M 

II II 


0 78 


4 17 

18 7 

B 

Vf 

14 

F 

II II 


0 85 


3 32 

25 6 

C 

M 

24 

M 

Terminal nephritic 


0 84 


4 44 

18 9 

N 

0 

20 

II 

II II 


0 94 


5 70 

16 5 

K 

T 

44 

II 

“ “ coma. 

arterial 

0 40 








II II II 

jugular 

0 38 




D 

S 

8 

II 

Advanced progressive muscular 

0 61 

HI 

3 10 

19 7 





dystrophy 



■ 



G 

T 

9 

<1 

II II 


0 61 


3 26 

18 7 

F 

R 

56 

F 

Chronic myelogenous leucemia 


2 82 

22 7 


Dtscusston of Results 

The production of ammonia m the enzyme blank, though reduced mark- 
edly by the presence of cyanide, is still appreciable It is assumed that 
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Table III 

Qluiamxne Amide If Content of PJasma of Fasting Dogs 


Gltttaiaine amide N 


Dog 

Date 

CoaditiOQ 
of dog 

By glutamiiuse 

I By ninhydiin 












Sam 

1?^ 

Ar 

tenal 

Sam 

&o' 

Renal 

venous 

Sam 

pie 

No 

Ar 

terial 

Sam 

6'o' 

Reaal 

veaoiu 







mf ficr 
100 (X 




wf 

JQOce 

B 10 

Dec 4, 1942 

Acidoais 

1 

0 79 

1 

0 67 








2 

0 81 

2 

0 58 








3 

0 77 

3 

0 60 






June 21,1943 

(( 

1 

1 19 

1 

0 76 

1 

1 22 






2 

1 22 

2 

0 81 

2 

1 23 






3 

1 20 

3 

0 81 

3 

1 12 



B-18 

Dec 14, 1942 

Alkalosis 

1 

0 80 

1 

0 80 








2 

0 87 

2 

0 84 








3 

0 88 

3 

0 S3 






June 24, 1943 

a 

1 

1 05 

1 

0 89 



1 

6 79 




2 

1 09 

2 

0 95 



2 

0 93 




3 

1 21 

3 

0 97 



3 

107 

B-IS 

Deo 4, 1942 

Acidosis 

1 

1 09 

1 

0 81 









1 09 


0 81 








2 

1 05 

2 

0 79 









1 05 


0 79 








3 

1 03 

3 

0 85 









1 03 


0 85 






Oct 5. 1943 

<( 

1 

0 82 

1 

0 65 








2 

0 73 

2 

0 64 





B 19 

Dec 10, 1942 

<< 

1 

0 68 

1 

0 40 









0 68 


0 47 








2 

0 69 

2 

0 44 









0 69 


0 48 








3 

0 69 

3 

0 47 









0 68 


0 46 











Syite- 

mic 

VCDOUS 





C 


Normal 




1 04 





D 


tt 




0 69 





E 


(( 




0 87 





F 

Feb 8,1942 

(( 




1 00* 





G 

4 ( 




0 97 



— 

— 


• Thia value waa obtained by direct neaalenzation 


the ammoma formed in the enzyme blank results from action 
and other peptide-splittmg enzymes on the kidney proteins wi 
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of glutamino from the proteins and subsequent hydrolysis by glutaminase 
The observation that the enzyme blank mcreases much less on incubation 
when bromosulfalem is present favors the conclusion that the ammoma 
formed on meubatmg the enzyme blank is derived from glutamine and is 
hberated by the action of glutammase Bromosulfalem has been shown 


Table IV 


Glutamine Imtda N in Synovial Fluid and Egg White and Yolk 



Glutamine amide N 


mg per 100 ec 

Human synovial fluid 

1 28 

White of unincubated egg, Sample 1 

0 25 

(( 41 44 14 O 

0 16 

Yolk of umneubated egg 

3 52 


Table V 


Determinations of Purity of Samples of Glutamine 


Sample 

NHrN 
preformed in 
sample 

Amide N 
split by 
glutammase 

Amide N by 
ninbydnn 



ptr urU 

pa unt of 
thoorettcol 

pa etnt of 
theoretical 

Glutamine (rye grass exudate)* 

0 05 

lOO 24 

100 0 

44 

from beets* 

0 1 

99 0 


Commercial Sample Ir'2 

1 32 

93 00 





93 88 

94 0 

44 

“ L-7 

0 72 

81 17t 





81 20 

81 9 

44 

“ L-8 

0 44 

80 9 

83 1 

4 

“ L-H-13 

0 10 

93 3 


44 

“ L-149 

0 05 

85 7 


41 

“ L 

99 2 

0 8 


44 

“ S 

8 0 

73 0 


44 

44 p 

73 3 

<3 0 

<1 0 


* Supplied through the kmdnesa of Dr Pucher and Dr Vickery 
t NHj N Uherated by heating 2 hours at 100° with 0 02 n HjSOi, 80 6 per cent of 
theory 


(10) to inhi bit, glutammase Under the conditions outlmed for glutamme 
determmation m plasma the concentration of protem m the enzyme prepa- 
rations IS so high that the addition of plasma proteins does not mcrease 
that portion of the blank which is due to hberation of ammoma from 
proteins Consequently the method is applicable to plasma without cor- 
rection for effects of plasma protems The upper curve m Fig 1 shows 











654 


DETERMINATIOX OP GLUTAMNE 


the difference between the ammonia m (a) the plasma plus kidney e\tract, 
(6) the blank contammg kidnej extract This difference reaches a man 
mum If ammonia liberated from glutamine derived from proteolysis m 
the kidney extract were less than when plasma proteins were also preseat, 
no such maximum would be attained 

The presence of an appreciable concentration of glutamine in chicken 
egg yolk and the maintenance of moderate concentrations dunng 6 dai-s of 
incubation suggest an analogy between conditions m the egg and those 
existmg in plant seeds The localization of glutanune to the yolk is remark 
ably complete m the umncubated egg but decreases dunng mcubation 
It can be seen from Table II that the plasma values for convalescent 
patients ranged from 0 5 to 10 mg of glutamine amide N or from 5 7 to 
10 4 mg of glutamme per 100 cc The lower limit of normal may be con- 
sidered to be about 0 6 mg of glutamme amide N or 6 2 mg of glutamine 
per 100 cc In fastmg dogs the plasma level m artenal or systemic venous 
blood vaned between 0 68 and 1 22 mg of amide N per 100 cc or between 
7 1 and 12 7 mg of glutamine per 100 cc The level vaned appreciablj m 
the same dogs from one tune to another 
The average of the values for artenal and systemic venous dog blood 
IS 0 92 mg of amide N, or 9 0 mg of glutamme, per 100 cc The average 
for the renal venous blood of dogs m acidosis w as markedly lower, vii , 
0 07 mg of glutamme amide N or 7 0 mg of glutamme per 100 cc It has 
previously been shown (11) that the kidneys remove amide nitrogen from 
glutamme to form ammonia excreted m the urme 

The finding, indicated m Fig 1, that the velocity curve of ammonia 
production by glutammase is almost identical, whether the enzyme acfe 
on a glutanune solution or on plasma, affords added evidence that the su 
stance measured m plasma is free glutamme 

Cohen (16) reported that the glutamic acid level m human blood p asma 
w as 2 8 mg per 100 gm His method involved conversion of glutamic aci 
to biiccmic acid and subsequent measurement of O 2 uptake m the pr^c<^® 
of succinoxidase His method was, as he reahzed, not specific for g u 
acid, but measured glutanuc acid plus 70 per cent of the glutai^e p 
17 per cent of the glutathione present The value reported ° 
equivalent to 4 0 mg of glutamme per 100 cc Comparison of t ® 
found by Cohen for glutamme -1- glutanuc acid concentration wi 
values (Table II) for glutamme m normal (convalescent) human p 
makes it appear piobable that practically all of the material measur 
Cohen as glutamic acid was m fact glutamine human 

The total a ammo acid mtrogen of free ammo acids in 
plasma, measured by the nmhydnn-COj method, has been foun 
ton and Van Slyke (17) and by Cramer and Winnick (18) to averag 



It M \UCniDALD 


655 


per 100 cc The median nomial (couvalcstent) glutamme amide nitrogen 
of 0 S mg per 100 cc indicates that glutamme a ammo mtiogen constitutes 
about 20 per cent of the total a aimno nitrogen of the plasma, and that the 
total glutamme nitrogen equals 10 per cent of the a-ammo nitrogen 
The fact that so much of the a ammo nitrogen circulatmg m mammalian 
plasma is m the form of glutamme pomts to this compound as an important 
one m mtermediarj metabolism of mtiogen That it is the chief source of 
urmarj' ammoiua m dogs has been demonstrated (10) 

Spontaneous hydrolj sis of the labile anude nitrogen of glutamme 
accounts for a part of the “y” ammonia which Conway observed (14) was 
formed m plasma m vilro In this connection it is mterestmg to note that 
Conway observed that the amount of phosphate liberated on mcubation of 
rabbit plasma was insufficient to account for the NH3-N hberated if this 
were derived from adenosine after dephosphorylation of vegetable adenylic 
acid He observed m human plasma in vilro, at room temperature, a 
production of 0 14 mg of NHj-N per 100 cc m 1 day 

SDMMABY 

An enzymatic method for the detemimation of glutamme is described 
The method is specific for glutamme m the absence of purme nucleoside 
derivatives bearmg NHj groups Evidence is presented which mdicates 
that the concentration of mterfermg substances m dog and human plasmas 
IS negligible and that the method can be used to determine the concentra- 
tion of glutamme m plasma 

Two analytical proceduies aie desenbed In the “filtrate procedure 
the proteins are removed from the digest and the ammonia m the filtrate 
IS determmed ivith Nessler’s solution In the “distillation procedure te 
a mm onia, is distilled at 38-42“ in vacuo and the distillate is nesslenzed e 

distillation method is the more accurate 

The glutamme values obtamed by the enzjmatic method m cate a 
range of glutamme amide mtrogen content fiom 0 6 to 1 0 mg per 10 cc 
or from 6 to 10 mg of glutamme per 100 cc of normal human plasma 
Values doivn to 0 2 mg were obtamed m pathological plasma n ogs 
the values m systemic plasma ranged from 7 to 13 mg of glutamme per 
100 cc Glutamme was measured also m sj novial fluid, and dialysates ot 
chicken egg whites and yolks 

The author wishes to acknowledge his debt to Dr D D Van Slyke for 
many helpful suggestions, to Mr J A Plazm foi technical assi^ance, o 
Dr P B Hamilton foi some of the nmhydrm analyses recorded, and to 
Dr R A Phillips for help m procurmg dog blood and kidneys 



656 


DETEEMINATION OF OEUTAMINE 


BIBLIOGHAPHY 

1 Puoher, G W , and Vickery, H B , Ind and Eng Chem , AnaJ Ed , 12, 27 (1940) 

2 Vickery, H B , Pucker, G W , Clark, H E , Chibnall , A C , and Weatall, R G , 

Biochem J , 29, 2710 (1935) 

3 Van Slyke, D D , / Bwl Ghent , 83, 425 (1929) 

4 Neuberger, A , and Sanger, F , Btochem J , 36, 662 (1942) 

5 Hamilton, P , J Biol Chem , 145, 711 (1942) 

6 Ferdman, D L , Biochem J , Ukraine, 17, 95, 103 (1941) 

7 Ferdman, D L , Frenkel, S R , and Silakova, L I , Btohhtmiya,T , ^ (1942) 

8 Harna, M M , Science, 97, 382 (1943) Hams, M M , Roth, R T , and Earns, 

R S , / Chn Inveet , 32, 569, 577 (1943) 

9 Krebs, H A , Biochem J , 29, 1951 (1935) 

10 Archibald, R M , / Biol Chem , 164, 657 (1944) 

11 Van Slyke, D D , PhiUips, R A , Hamilton, P B , Archibald, R M , Fulcher, 

P H , and HiUer, A , J Biol Chem , 160, 481 (1943) 

12 Archibald, B. U,J Biol Chem , 161, 141 (1943) 

13 Vanselow, A P , Ind and Eng Chem , Anal Ed , 12, 516 (1940) 

14 Conway, E J , Biochem J , 33, 457 (1939) Conway, E J , and Corke, R , Bto 

chem J , 33, 479 (1939) 

15 Gentzkow, C J , J Biol Chem , 143, 531 (1943) 

16 Cohen, P P , Biochem J , 33, 551 (1943) 

17 Hamilton, P B , and Van Slyke, D D , / Biol Chem , 160, 231 (1943) 

18 Cramer, F B , Jr , and Winnick, T , / Biol Chem , 160, 259 (1943) 



PREPARjVTION and assay of glutajviinase 

FOR GLUTAMINE DETERMINATIONS 

By REGIN.VLD M ARCHIBAID* 

(From the Hospital of The Rockefeller Institute for Medical Rcseareh, New York) 
(Received tor publication, May 16, 1944) 

Krebs (1) demonstrated that the corte\ of kidneys of the sheep, gumea 
P'Ei P'gi and rabbit contamed an enzyme, glutaramase, which hydrolyzed 
glutamme to ammonia and glutamic acid The present paper desenbes 
the preparation and standardization of kidney glutanunase m a form which 
makes the enzyme readily apphcable for microestimation of glutamme m 
blood and various other biological materials 

I PRZPABATION OF GUTTilHaNASE EMULSION 

Procedure 

Dog kidneys provide a glutanunase preparation which is more active 
and specific than beef kidneys Beef kidneys nevertheless 3neld a prepara- 
tion which gives satisfactoiy results* and can be used if dog kidneys are not 
available 

The kidneys are stnpped free of perirenal fat and capsules and emulsified 
with 3 parts of an ice-cold solution of 0 04 m KCN which has been adjusted 
to pH 7 2 by addition of NaH-PO< With amounts of tissue of the order of 
100 gm the emulsification is most convemently performed by placmg the 
tissue and solution m a Warmg blender and "blendmg” for 5 mmutes An 
alternative procedure preferable with small amounts (5 to 25 gm ) is to 
gnnd the tissue and solution m a mortar with sand The fluid part of the 
mixture is stramed through a sac of unbleached mushn (fine mesh) to 
remove fibrous connective tissue Emulsification and strammg are done 
m an ice box or a room at 0° The resultmg emulsion is sufllciently homo- 
geneous and if kept at 0° retains adequate activity for 24 hours In order 
to conduct emulsification, filtration, and dialysis at or near 0“, the kidney, 
cyamde solution, and apparatus mcludmg the blender or mortar are cooled 
to 0° before use 

The portion of emulsion to be used at once is placed m a Viskmg cellulose^ 

* Fellow of the National Research Council, Division of Medical Sciences 

* The enzyme is present in normal human kidneys but it is either present in smaller 
amounts or absent in kidneys of patients who have died of chronic nephritis ornephro 
fils, or who have had arteriosclerotic disease involving the kidneys The concen- 
tration of enzyme in a number of human kidneys will be reported in detail elsewhere 

* Supplied by the Visking Corporation, 6735 West 65th Street, Chicago, Illinois 
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sausage casmg (No 2niZ2 Nojax) and is shaken vigorously for 2 hours at 0° 
in a vessel containing 2 5 hters of 0 04 m KCN (6 5 gm of KCN) which has 
had its pH adjusted to 7 2 by the addition of 150 cc of molar NaH.PO) 

Notes on the Preparation 

Whole dog kidneys stored frozen m sohd CO 2 retam their activity for 
more than a year Stored at 3° they retam adequate activity for several 
days The extract, however, loses an appreciable part of its activity daily 
when stored either at 3° or m the frozen state Hence when small amounts 
of enzyme of maximum activity are required for analyses at mtervals of 
days or weeks, it is advisable to keep as stock source of the enzjmie a dog 
kidney frozen fresh and preserved m sohd CO 2 Small amounts, 5 to 10 
gm , are broken off ivith a hammer as needed and extracted as descnbed 
above For these amounts the mortar and pestle are better suited than the 
Warmg blender 

The blank for preformed ammonia m this enzyune preparation mcreases 
more slowly m the presence of cyanide than m its absence Nevertheless 
ammoma is produced even m the dialyzed, cyamde-treated kidney prepara 
tions at ice box temperature, and more rapidly at room temperature or 
38“ Hence to obtam minimum blank values, diaiysis of the enzyme 
preparation should be stopped not more than 20 mmutes before the start 
of the mcubation 

A high percentage of the glutammase m kidney adheres tenaciously to 
cellular components insoluble m ordmary extractives This is especially 
true of beef kidney, 0 8 per cent NaCl solution is the best extractive so far 
found In a smgle instance, seven times repeated freezmg (chilhng to 
—70°) and thawmg rendered the enzyme almost completely axtractable 
from insoluble ddbris, but attempts to repeat this under conditions ivhic 
appeared identical have been fruitless 
Attempts have been made to concentrate the enzyme by isoelectnc 
precipitation, fractional precipitation with acetone at 0°, and with safranme, 
but as yet, m the most active fractions, the ratio of enzyme to protem as 
not been mcreased appreciably , 

Consequently attention has been devoted to obtammg an enzyme 
which was specific for glutamme, and was sufficiently active to comp e 
the hydrolysis of glutamme m a short time To this end means were 
to activate the glutammase, and to mhibit other enzyme 
which were capable either of hberatmg ammonia from sources ot er 
the amide group of glutamme, or of causmg the disappearance 0 amm 
hberated by action of the glutammase of 

Blanks are dmimished by removal of diffusible extracts y ni 
dialysis and by addition of cyanide Cyamde sen es also to augm 
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activity of the glutanunaso and to depress the liberation of ammonia from 
asparagme and from a-anuno groups By the use of pH 7 2 for action of 
the glutammase, approMmately maximum activity is obtamed 

\ commercial enzyme mixture, Pohdase S,’ may for some purposes 
pronde a convenient preparation of glutammase It is a stable, powdered 
enziune mixture iihich contains both glutammase and adenosme deammase, 
hut IS free from asparagmase ^Vhen freed of ammomum ion by dialysis 
against 0 04 m KCN, it is a suitable preparation to use for glutamme 
determmation m the presence of relatively high concentrations of aspara- 
gme Owmg to the high protemase, phosphatase, and adenosme deammase 
content, it is not smted to analysis for free glutamine m matenal cont ainin g 
proteins, adenosme, or phosphate denvatives of adenosme 

Because certam plants synthesize glutamme, Vickery et al (2) have 
postulated that the roots of these plants contain glutammase An enzyme 
capable of hberatmg ammoma from glutamme even m the presence of 0 01 
II KCN has been demonstrated m the roots of plants which store fixed 
mtrogen as free glutamme The concentration of this glutammase is 
mcreased when the soil m which the plants are grown is dressed with 
ammomum salt (data to be reported later) Work is under way which it 
IS hoped may lead to the preparation of glut amm ase free from enz}Tnes 
which deammate purme nucleosides and their derivatives, so that the enzy- 
matic determmation of glutamme will not be hmited to plasma and other 
nucleoside-free matenal 

H ASSAT OF GLTJTAMINASE ACTrVTTY 

Use 13 made of the pnnciple that the tune requued for action by an 
enzyme on a given amount of substrate is mversely proportional to the 
amount of active enzyme present (3) The amount of product formed is 
constant at the moment of the significant measurement, hence the effect 
of products as a vanable is cancelled The foUowmg procedure is designed 
to use mmimal amounts of the expensive glutamme 

Apparatus 

Water bath 38° 

Spectrophotometer or colorimeter 

Apparatus for nucrodetermmation of ammoma previously descnbed (4) 

Reagents — 

The molar phosphate buffer, pH 7 3, borate buffer, pH 10 0,0 01h n HiSOt, 
antifoam 0 0Ji.ii KCN adjusted to pH 7 2, Nessler’s reagent, and standard 
ammomum sulfate solution as descnbed m the accompanjmg paper (5) 

* The Pohdase S is prepared by the Schwarz Laboratonea, Inc , 202 East 44th 
Street, New York 
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Glutavuiie, 0 0025 a/ solution Weigh out between 3 4 and 4 0 mg of 
glutamine Dissolve this m a volume of water such that there are 10 cc 
of solution for 3 654 mg of glutamine The cc of water used will be 2 74 
times the number of mg of glutamme weighed 

Bromosulfalein,* 0 1 per cent solution, or guinone, 0 01 per cent aqueous 
solution Qumone distils over with the ammoma, and if used m larger 
quantities than recommended interferes with the nesslenzation Bromo- 
sulfalem, however, may be used in higher concentrations if desired 

Assay Procedure 

The 25 per cent dialyzed emulsion obtained by the procedure descnbed 
above is diluted ivith 4 volumes of the 0 04 m KCN solution of pH 7 2 

Into each of seven test-tubes measure, m the following order, 0 6 cc of 
the molar phosphate of pH 7 2, 1 0 cc of the 2 5 mM glutamme solution, 
and 0 5 cc of the 5 per cent glutammase solution All solutions are brought 
to 38® before they are added, and the tubes axe kept at 38° At mtervals 
of 2, 5, 10, 15, 20, and 30 minutes the action of the enzyme m the respective 
tubes IS stopped by addition of 1 cc of either the bromosulfalein or qumone 
solution A blank is mcluded m which the glutamme solution is replaced 
by water The blank is mcubated for 15 mmutes As soon as the enzyme 
action m each tube is stopped, the tube is stoppered and immersed m ice 
water, and kept there until the ammonia is distilled If it is necessary or 
convenient to store the tubes for more than 2 hours before distillation, 
they should be placed m sohd CO 2 instead of m ice water The chilhng is 
to retard spontaneous evolution of ammonia from the glutamme left 
unchanged by the enzyme and the catalytic breakdown of amide groups 0 
protem by the bromosulf alem The contents of each tube are washed mf 

2 cc of water into the micro ammoma apparatus (4), 2 cc of borate buffer 
are added, and the ammonia is distilled, nesslenzed, and measured agams 
standards contammg 0 to 0 07 mg of NHj-N as desenbed m the accompany 
mg paper ((5) Procedure B) 

Calculation of Glutaminase Units 

The results are plotted on coordmate paper, mg of NHi-N as 
and mmutes as abscissa By mterpolation, the number of mmu 
ascertamed which are required to form 0 01 mg of ammonia 
The units of glutammase present m the 0 5 cc sample of 5 per cen 
emulsion are calculated as 

10 

Unite glutaminase = to form 0 OI^TnhIn 

* Supplied as a 5 per cent aqueous solution by Hynson, Westcott an 
Inc , B^timore, Maryland 
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An cMunple is given in Fig 1 In the case of this enzyme preparation 
70 mmutes were required to form 0 01 mg of NHj-N The 0 5 cc of 
preparation therefore contamed 10/7 = 1 43 umta of glutammase 
The umt as dcOned above is the amount of glutanunase that ivill hberate 
0 01 mg of N'Hj-N from glutamine in 10 mmutes under the conditions 
prescribed for the determmation 

The glutammase per cc of undiluted 25 per cent emulsion is 10 times the 
amount found by the above procedure m 0 5 cc of the 5 per cent emulsion 
A shghtly less accurate but simpler procedure reqmrmg only a smgle 
mcubation period can be followed when only approximate values for activity 
are reqmred or when only weak preparations of glutammase are available 
for assay The sample and blank are made up and meubated as outlmed 
abo\ e for 16 mmutes From Fig 1 read the pomt on the abscissa corre- 



Fiq 1 Graph. o£ ammotua formation in assay of Blntaminaae 

spondmg to the number of mg of amide N spht m 15 mmutes Ass um i n g 
that there is mappreciable loss of enzyme activity dunng the 15 mmutes, 
the tune readmg on the abscissa will be directly proportional to the enzyme 
activity For example, if 0 005 mg of amide N is split m 15 mmutes, the 
correspondmg pomt on the abscissa of Fig 1 for a preparation contammg 
2 86 umts per cc reads 3 4 mmutes The strength of the tested sample is 
therefore 2 86 X 3 4/15 = 0 65 umt per cc For very active preparations 
shorter mcubation penods should be used 

in EFFECT OP PH OW ACTIVITT OP GLUTAMIIIASE 

Mixtures were prepared as described for assay of the glutammase, except 
that, by addition of varymg amounts of molar NaHjPOi or K 2 HPO 1 
solution, the pH was varied between 5 3 and 8 6 The pH determinations 
of the mixtures were made m a glass electrode with unmeubated mixtures 
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made up m the same way All digestions were nm for 10 mmutes Blank 
corrections for the amount of ammoma hberated at these pH values from 
glutamme and from the kidney avtract were obtamed from separate curvea 
prepared m the same way except that m one case cyamde replaced kidney 
extract, and m the other water replaced glutamme 
A similar senes was run, with the difference that KCN was omitted from 
the mixtures The results are given m Fig 2 They mdicate maximal 
activity at pH 7 5 and a plateau from pH 7 0 to 8 3 over which activity 
exceeds 90 per cent of the maximal Below pH 6 0 activity is zero The 
results agree, m general, with those obtamed by Krebs (1) with sheep 
kidney and gumea pig hver glutammase actmg m the absence of cyamde 
Data obtamed from several different preparations suggest, as do those 
reported m Fig 2 and by Krebs (1) with sheep kidney, that there are two 
kidney glutammases with different pH optima 



Fig 2 Effect of pH on activity of glutammase 


It wiU be noted from Fig 2 that the addition of KCN mcreased, only 
shghtly, the activity of the enzyme In this case the enzyme was prepared 
from kidney which had been stored m sohd CO* for 4 months 

IV SPECIFICITY OP KIDNEY GLUTAUINASB AND ITS ENHANCEMENT BY KCV 

Despite the fact that Krebs (6) leports that ground kidney preparations 
contam no Z-ammo acid deaminase, some of our fresh glutammase prepara 
tions, m the absence of cyanide, produced ammoma from a-NHj groups o 
Z-ammo acids, mcludmg glutamme Besides this ability to produce 
ammonia from a-NH 2 groups, some fresh preparations of kidney (especi y 
of beef kidney) hberated large amounts of ammoma from asparagme, pre- 
sumably from the amide group through the action of asparagmase 
Whatever the source of the ammoma from asparagme, the 
KCN to a concentration of 0 0025 m m the digestion mixture decrease 
ammonia formation from asparagme to 35 per cent of the rate ^ , 

absence of KCN m the case of dog kidney, and to 65 per cent m e ca^ 
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beef kidney Tins same concentration of cyanide decreased the liberation 
of ammonia from “amigen" (casein hydrolysate) to 15 per cent of the rate 
in the absence of KCN in the cose of fresh beef kidney preparations and to 
5 per cent m the case of fresh dog kidney preparations 

On the other hand, the glutamine hydrolase activity of fresh kidney is 
either enhanced or stabihzed, or both, by the presence of 0 0025 m KCN 
In one instance the ammonia liberated from 0 0025 m solution of glutamme 
m 1 hour i\as increased 2-fold with fresh beef kidney and 7-fold lyith fresh 
dog kidney preparations by the presence of 0 0025 M KCN The presence 
of this concentration of cyanide reduces the action of kidney extracts on 
a-NHj groups to msignificant levels Ammonia formation m appreciable 
amounts is then restricted (m the case of ahphatic compounds) to the amide 
group of glutamme Under the conditions for glutamme determmation 
outlmed m the accompanymg paper (5) no appreciable amount of ammoma 
IS hberated by the extract of dog kidney from asparagine, ammo acid 
nmetures (casern hydrolysate), or glutanuc acid, prohne, lysme, ormthme, 
argmme, urea, glycocyamme, creatmme, creatme, guamdme, guamne, 
ademne, uracil, c^tosmo, thymme, nucleic acids (yeast or thymus), yeast 
adenylic' or muscle adenylic acids,' vicme, mosme, uric acid, allantom, 
glucosamme, glutathione, thiamine, nicotmamide, or mcotmamide nucleo- 
side ‘ The only ammonia-yieldmg substrates’ other than glutamme so far 

‘The slow but continuous liberation of small amounts of ammoma when kidney 
suspension acts upon cither muscle or yeast adenylic acids and the similarity of 
rate of ammonia production in the two cases suggest that the kidney phosphatase acta 
on the adenyho acids to liberate adenosine (n reaction which is retarded by 
the cyanide and the high concentration of phosphate present (7)) and that the adeno 
sine IS then deaminated 

* Dr Schlenk (8) kindly supplied us with samples of codehydrogenase I and mco 
tinamide nucleoside The latter preparation (70 to 80 per cent pure) liberated small 
amounts of ammonia in the presence of the enzyme preparation However, this 
ammonia was believed to arise from some of the precursor, codehydrogenase I or 
muscle adenylic acid in the nucleoside preparation, since prolongation of the incuba 
tion period resulted in a marked decrease in the rate of ammonia formation Alter- 
natively, this fall m rate could be due to the presence in the kidney extract of an 
enzyme which hydrolyzed the nicotinamide from the carbohydrate and thereby 
diminished the substrate available for deanunation 

’ Krebs reported (1) that phenacetylglutamine and benzoylglutamine are not at- 
tacked by kidney extract He states that glutaminylglycine and glutaminylglutaraic 
acid yielded no ammonia in the presence of rat brain glutaminase, but that isoglu- 
tanune was hydrolyzed slowly 

In the presence of the glutaminase preparation the only available sample of dl 
citrulline in our hands liberated small amounts of ammonia at a slow but almost con- 
stant rate When 10 mg of citrulline were present in 2 cc of digestion mixture under 
the conditions of analysis outlined above, 2 4 per cent of one nitrogen was split off 
as ammonia in 2 hours, and 0 per cent in 8 hours Even if the rate of this hydrolysis 
were doubled when the substrate was purely a levo isomer, inappreciable amounts 
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encountered are codehydrogenase I* and the two purine nucleosides bearing 
NHz groups, mz , adenosine and guanosine Vicine, which is a nucleoside 
of the pynmidme, divicine, and glucose, is not deaminated, although it 
bears tno ammo groups The fact that cyamde extract of kidney, used 
as glutammase, hberates ammonia from ammo purme nucleosides and from 
codehydrogenaae I does not disqualify the extract as a reagent for determm- 
mg glutanune m plasma, because the concentrations of adenosine or its 
derivatives m plasma are very small compared to the concentration of 
glutamme Spectrophotometnc transimttance measurements with hght of 
wave-length between 230 and 300 mji on dialysates of dog and human 
plasma obtamed by the techmque of Hamilton and Archibald (9) indicate 
a maximum possible total concentration of adenosme, adenyhc acids, 


Tabi.b I 

Action of 0 5 Cc of 3S Per Cent Suapenaton of Dog Kidney {Dialyied in 0 Oh a KCK) 
+ 0 5Cc of Molar Phosphate of pH 7 2 -f J 0 Cc of Substrate 



Amount of 
sub&traU 
incubated 


Uberated « per cent of oac N of 
substrate 


Glntamine 
Asparagine 
Muscle adenylic acid 
Yeast “ “ 

Adenosine 
Guanosine 


Nicotinamide nucleoside 75% pure 0 49 


Codehydrogenase I 85% pure 
Anugen (casein hydrolysate) 



• Per cent of total mtrogen 

adenosme triphosphate and diphosphate, and codehydrogenase I less 
than 4 X 10"’ u or the equivalent of less than 0 06 mg of ammonia N per 
100 cc of plasma Dr Herman lialckar has studied th e decrease m t 

of ammonia (less than 0 01 mg per 100 cc of plasma) would be set free from 
concentrations of citrulhne (0 3 to 1 5 mg ) normally present in plasma ( c • 

unpublished) „.tiireof 

The observation, however, is of interest in view of the siimlanty o s 
glutamine and citrulhne, the CHi adjacent to the acid amide group m giu 
replacedby — CH, CH, NH~ in citrulhne As with glutanune, ^ 

ation of ammoma from citrulhne isslowerit theO 01 it KCN is omitted from 
In one instance the rate of liberation of ammoma from citrulhne was j u 

when KCN was omitted The action of preparations of glutauunsse 
of interest m connection with the disputed idle of glutanune m urea j,gutcd 

hydrolysis of citrulhne by preparations of liver glutammase is also bemg 
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absorption on treatment of dog plasma filtrates with phosphatase plus 
adenosmc deaminase and concludes that there is less than 0 3 mg of 
adenjhc acid per 100 cc of plasma If all of this were deainmated by the 
enzyme, the ammoma rcsultmg therefrom would be less than 1 5 per cent 
of the amide N found m plasmas Furthermore, there is sufficient adeno- 
sme deammase m plasma (6) (especially m slightly hemolyzed plasma) to 
destroy adenosme were it present, whereas we have been unable to find 
glutammase m plasma 

The relative rates of liberation of ammonia nitrogen from several mtrog- 
enous substances are given in Table I In the experiments tabulated 


Table II 

V 

Action of 2 Cc of Hepariniccd Dog Plasma on 1 Cc of Substrate in Presence of 0 5 Cc 
of Molar PO^, pH 7 2, and 0 S Cc of 0 Oi it KCN 


SubstnU 

Amount of 
substrate 
incubated 

NHi-N liberated 
in 1 hr at 38 

NH] Uberated os 
per cent of one N 
of substrate per hr 


me 

mt 

per cent 

Glutamme 

- 0 7633 

0 0001 

0 

Asparagine 

1 359 

0 0001 

, 0 

Muscle adenylic acid 

1 319 

0 0015 

2 9 

Yeast “ “ 

1 325 

0 0013 

2 5 

Adenosine 

0 6937 

0 0054 

14 9 

Guanosine 

0 6711 

0 0016 

5 4 

Anugen (casein hydrolysate) 

Plasma without substrate 

1 788 

0 0000 

0 0015* 

0 


* Not corrected for the 0 0004 mg of NH, N resulting from spontaneous break- 
down of glutamine 


the technique described for assay of glutammase activity was employed, 
with the listed substrates substituted for glutamme 
Table II shows the effect of mcubatmg several of these substances with 
plasma under the conditions outhned for the use of the kidney preparation 
for the analysis of glutamme m plasma The absence of glutammase, 
asparagmase, and a-ammo acid deammase from plasma is apparent The 
presence of nucleoside deammase and of either phosphatase or nucleotide 
deammase is apparent 

V INHIBITORS OF GLUTAMINASE 

The effect of various mhibitors on the action of glutammase (15 mmutes 
at 38° at pH 7 2) was observed m a mixture made up of the followmg con- 
stituents 0 5 cc of 5 per cent dialyzed suspension of kidney m 0 04 m KCN 
of pH 7 2, 0 5 cc of molar phosphate, pH 7 2, 1 cc of 0 fX)25 m glutamme. 
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1 cc of inhibitor solution In the case of the control analysis, 1 cc of 
water replaced the inhibitor solution The concentration of inhibitors 
and percentage decreases m enzyme activity observed at pH 7 2 are recorded 
m Table III 

The author wishes to thank Dr L Michaehs and Dr S Graniok for 
assistance in determining the ultraviolet transmittance curves of plasma 
dialysates 


Table III 

Inhththon of Gluiaminase Activity at ‘pH 7 3 


Inhibitor 

ConccaUatvon of inhibitor 
in digestion mixture 

Inhibition of 
glaununuc 


Ptr ctnt 

u 

ctni 

p Benzoquinone 

0 0013 

0 00014 

73 


0 00013 

0 000014 

12 

Bromosulfalein (diaodium sulfonate of phe- 

0 17 

0 002 

100 

noltetrabromophthalem) 

0 017 

0 0003 

90 

1 

0 0017 

0 00002 

, u 

Atobnne (3 chloro-7 methoxy 9-(l-methyl-4-j 

0 33 

0 0093 

lOO 

diethylamino) butylaminoaondine) 

0 033 

0 00093 

60 

Synthetic vitamin K (2 methyl-1,4 napbtho 
hydroqmnone 3 sodium sulfonate) 

0 10 

0 0038 

1 

0 


SUMMABY 

A procedure is described for the preparation from kidneys of a glutani- 
mase extract which hberates ammonia quantitatively from the aci 
amide group of glutaimne and which is sufficiently active and specific for 
use as an analytical reagent to determme glutanune m blood plasma 
Addition of potassium cyamde has been found to enhance the activi y 
of the glutammase and to retard the hberation of ammoma from asparagine 
and the action of a-deanunase ^ 

The optimum pH of the dog kidney glutammase is at 7 5 Trom p^^ 
7 0 to 8 3 the activity exceeds 90 per cent of the maximal The enzyme 
action is entirely inhibited at pH below 6 v, the 

A procedure for assaymg glutammase activity is described, bas 
mverse relation between activity of enzyme and time required to ec 
pose a given amount of substrate 
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Tlic autIior <5 have recently reviewed (1) a relatively old problem, oxygen 
poisoning, winch was first discovered by Paul Bert m 1875, but which has 
receit cd only scattered ittcntion until the present war brought it once more 
into prominence Experimental studies of the biochemistry of the phe- 
nomenon required a method w'hereby the gaseous metabolism of isolated 
surviving tissues or their separate enzymatic components could be studied 
under pressures of oxygen greater than 1 atmosphere The present paper 
describes what has proved to be a successful apparatus and technique or 
this purpose Because the problem has not, we believe, been extensively 
investigated from this point of view (with the exceptions mentioned below), 
the apparatus and method involve a number of new and umque problems, 
and are therefore presented in consideiable detail Actual expenmental re- 
sults w'lll be reserved for subsequent papers The basis of the technique is 
the fanuhar Warburg method for the manometric study of gaseous 
holism, subject to the modifications which the special condition o ig 
pressure makes necessary We have been unable to find in the literature 
any descriptions of apparatus designed to accomplish the present purpose 
with the sole exception of that of Libbrecht and Massart (2) 

striicted a pressure chamber to contain a njanometne apparatus o t e ar 

burg type Small motois m the pressure chamber controlled from ou i e 
performed the necessary manipulations of the Warburg apparatus o 
preient binning out the motors, the chamber w'as filled wnth nitrogen a 
high pressure, but the respiratory vessels proper, being connects o sma 
lialloons containing oxygen, were filled at high pressure (5 atmosp eres) 
upon elevation of the pressure in the chamber No othei deta are ur 
nished by the authors and apparently only one senes of reported experi- 
ments appealed in the literature, those on the action of oxygen on succmoxi 
dase These ha\e been discussed by the present authors (1) 


* riio work dcbcnbed m this paper was done under a coutrac , re , 

the Committee on Medical Research, between the Office of Scien i c . , , 

Development and the University of Pcnnsylvama Permission or p 
tranted hy the Office of Scientific Research and Development 
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Pressure Chamber 


The apparatus (Fig 1) consists essentially of a cylindrical steel pressure 
chamber 32 mches in ina\imum diametei , 53 inches high (inside), and of ap 
proAimately 60 hters capacity, enclosing six Waiburg manometers and \es- 
sels so constructed as to allow the necessaiy manipulations and readings to 
be made from the outside, while constant temperature and pressure are 
maintained wthin 

Fig 1 shows the mam features of construction, and for puiposes of esti- 
mation of dimensions, is diawn to sc I'e It is not pioposed to gi\e all de- 
tailed measurements and specifications m the present p ipei, since these aie 
best worked out to meet individu il lequuements Ihe walls of the mam 
shell aio f inch steel, with ^ mth w'clded flanges and bottom, and a bolted, 
removable 1 inch top Si\ evenly spaced vcitical windows of | inth 
Plexiglas provide easy leading of the manomitei-s, and a sev’enth similar 


window, midway between two of the others, is used to read the pressure 
gages and thermometei Ample light is supplied by a 300 watt floodlight 
placed 18 inches above a 4 inch ciicular window of f inch Plexiglas, m the 
top In practice, the depi ession made by mounting this circular window iii 
side the top is filled wi th w atei m ordei to prev eut local heating of the plastic 
by radiation from the lamp, with consequent loss of tensile strength 


A number of openings foi the entrance of mov able shafts from the out 
side are provided, and aie made gas- or watei -tight as the case may be 
The upper two stop-cock contiols {11 and IS in Fig 1) are made gas tight 
by single composition stuffing boxes known as Garlock “tlosuies” Ihis 
type of seal makes motion of the contiol shafts icasonably easy when hi 
bricatcd vvath a w atei suspension of giaphite In oidei to a\ oid accidental 
shifting of the stop-cocks while the manometei’s are being shaken, these 
uppei controls ue di^eiigiged by sliding outwaid when not in u e 3 ho 
pressuio outumd on these is ippioximately 45 pounds at 8 itnio-'pherc'', 
md so it was fouml neiessiij to lock tlum in plan by means of ijn'otei 
bai The lowei contiols (used to compiess the lubhcr tubing at the lower 
end of the nniiometi is), IS m Fig 1, togcthei with the shaft transmitting 
power to the s]i iking meihanism and Ih it used to piovide stirring, arc a 
undei watei, and are made pressuie-tight iiy a gi iphite packing shown ni 

the case of the stnrer in h ig 3 Ihe composition cl osuies weic founi to c 

adversely affected by w atei , so that they detenoi ated rapidly 
Of available transp uent plastics, Plexiglas w'as found to possess 
quisite physical pi opei ties foi thr purpose Based on data from t e 
facturers, the calculated maximum sticsses piovide factois 
on the Mitical windows ind 4 on the uppei window, it 38 am ^ 
spheres absolute Ihi mounting is i mattei of impoit incc m sa c 
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Fia 1 Scale, perspective drawing of the high pressure chamber 1, main shell, 
upper section of shell, 5, removable top, 4. Plexiglas windows, 5, ottom o s e , 
8, vertical immersion heater, 7, stirring propeller, 8, shaft, connecting bars, and piv- 
oted holders foi- mounting and shaking the manometers, S, brass cups mounted in the 
bottom for the support of the low or ends of manometer frames, 10, compensating vesse 
mounted in place 11 12, and IS, manually rotated stop cock and manometer flui 
level controls, 14 , thermorcgulator, 15, part of one manometer seen in place through 

Its window, iff, control box for all electrical circuits, i7. ic and i) c power supplies, 

18, oxygen inlet pipe, 19, auxiliary inlet and outlet pipes for fluslung, etc , 20 swivel 
davit supporting Wire rope hoist over hdl lie iniig sheaves to worm gear an 
behind apparatus (not show n),21, w ater connection for filling in emp e Am 
The w ater level is j ust below the flange supporting the shaking apparatus, « 


duiability, and consists in all cases of j inch steel ictaming plates held by 
i inch bolts, the Plexiglas being dnlled foi full clearance and sealed with 
^ inch lubbei gaskets To prevent crazing and maintain clear visibility. 
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the Pleuglas surfaces are m ashed with soap and water and finished with 
wax at weeklj' mtenals 

Other essential features of the construction aie apparent from Fig 1 or 
are tieated m detail below Xot shown in the diagram is a subsidiary con- 
nection of the water inlet to a hj^drauhc pressure tester To ramunize the 
possibilitj of blowouts in work with the gas under pressuie, the apparatus 
IS tested w eekly For this purpose, all glass apparatus is remm ed and the 
chamber filled completely mth water at 115 to 125 pounds pressure for 15 
mmutes 


Temperature Manitenance 

A seimpictonal diagram of the heatmg umt is given in Fig 2 Heat is 
supphed by a long, double element, vertical immersion heater (FTi and J?j), 
with a maximum capacity of 600 watts Si is a mercury contact relay, 
normally closed Its coil is activated through a sensitive n c relay, St 
(normally open), through the thermoregulator, T R In the normal posi 
tion, the heaters are connected m parallel through a variable resistor, Ri 
When temperature is reached, St closes, opemng Si and reducing the heat to 
that supphed by Hi alone The maximum and minimum heat requirements 
were established by measunng the radiation of the apparatus at average 
room temperature and allowing vanation either side This arrangement 
was found preferable to a simple, all or none circuit with fixed heat input 
because of the lag encountered in the thermoregulator The variable Ri 
IS used to vaiy the total heat input 1 his was found to be a fairly ciitical 
adjustment, since the lato of radiation vanes as the fourth power of the 
room temperatuie 

The thermoregulator (T R , Fig 2) depends upon the relation betneen 
vapor tension of acetone and temperature Acetone was chosen because 
of common, easily ofatamed substances, wuth boiling points below 38 , it 
shows the greatest change m vapor tension per °C at 38°, amounting to 
14 mm of Hg Ether, with a change of vapor pressure of about 29 mm 
per °C , has the disadv antage that it requires a superimposed pressure o 
130 mm of Hg above atmospheric to mamtain it m hquid state ^ 
tone, floated on mercury in a thick walled spherical bulb of about cc 
capacity withm the chamber, transmits its pressure to a column o mer 
cury outside of 1 mm diametei (M C , Fig 2) The large ratio o vo um 
between bulb and eolunm renders the volume change negligible, ^ 
maximum scnsituitv The shape and wall tJiickncs.s of ^ 

transmission of the higli pressure m the chamber to a negligible 
The lag thus occasioned does not decrease appreciably tiie accuracy o 
lation The mercury column is outside the pressure chamber an la 
adjustable 
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At S atmosphere^, tlic thin walled bulb of the standard thermometer is 
sufficiently compressed to gi\ c a positive error of 0 5° This difficulty was 
3ol\ ed by the use of a sealed mercury jacket, as showna to the left m Fig 2 
{T M ) The thick wall of the surrounding tube pi events transmission of 
the piessiiie through the mercury jacket, and the air space above prevents 



Flo 2 Semipiotonal diagram of the heating unit wiring, thermoregulator , and 
thermometer assembly The parts are not drawn to scale For the symbols Used, 
see the text 

its transmission by distortion of the rubber stopper the mcrease in lag 
resulting from this arrangement does not interfere with accurate adjust- 
ment 

At first sight, the problem of stirring would not seem of great consequence 
but in practice it became complicated A vertical shaft m the bottom of the 
tank was dictated by reasons of space and efficiency A simple belt drive 
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twisted through 90° to a houzontal motor developed mechamcal diffi- 
culties A direct coupled, ^eitical centrifuge motor de\ eloped insoluble 
lubrication difficulties in the packing bo\ oning to the high speed necessary, 



the frame are steel 


causing ultimate o\ 1 1 loading of the raotoi , and i pi opci geai reduction uni 
w as impossible to obtain The final design has pioi ed so satisfactorj 
because of the pioblems met in its detelopmeiit it is considered vor pr 

senting m detail , m 

Fig 3 shows the constiuction of the stiriei transmission, an s 
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largely self-expHimtoiy Section A shows the whole assembly, while 
section B gi\ es the constructional details of the combination beanng and 
stuffing box To obtain quiet opeiation, the J horse power, smgle phase 
1 c dru mg motor is mounted on steel legs w ith mbber w ashers betw een the 
motoi and legs and between the legs and the flooi In addition, \ mch 
leathei belting w as cemented with a 2 inch lap to give a contmuous belt 
The flat, J inch steel strip used to mount the idlers afforded sufficient sprmg 
to maintain propei belt tension Leakage is held to an occasional drop by 
graphite packing The beanng is thoroughly lubneated every 20 to 30 
hours of operation with light grease The four-bladed propeller is 
inches in diameter, wnth a 5^ inch pitch, dnving upward at 500 rpm 
T he resultant water circulation is well above the minimum required 
Both shaft and propeller are built of brass 
As indicated in Fig 1, the chamber is filled to about five-sixths capacity 
with tap water through a valve-equipped mlet m the bottom The volume 
of oxygen under pressure is hence relatively small, thus dimmishmg the ex- 
plosive force in case of an accidental blowout of any part of the apparatus 
All the Waiburg apparatus except stop-cocks and certain connections is 
submerged, thus makmg for easy maintenance of constant temperature, 
wthin ±0 02® 


Pressure Maintenance 

Oxygen is supplied fiom a standard 220 cu ft cylmder through a manual- 
ly conti oiled i eduction valve and j inch coppei tubing to the mlet valve 
{18) shown in Fig 1 Measuiement of absolute pie&suie must be accurate 
to 0 02 atmosphere m 8 foi the piopei measuiement of gas changes m the 
Warbuig vessels (This will be apparent from the discussion of the gaso- 
metric method below ) It w'as found that standard Bourdon type pressure 
gages are subject to errors in excess of 5 pei cent, which prompted develop- 
ment of 1 simple, accurate gage, shown m Iig 4, A 

The construction should be appaicnt from the figure Aside from the 
use of a reasonably accurate 1 cc pipette of about 2 mm mternal diameter, 
most conveniently giaduatcd by 0 01 cc , none of the dimensions is critical 
The top of the pipette is cut off 4 to 5 mm above the zero mark and flared 
slightly to icceive a small plug of rubber which is driven m exactly to the 
zero maik The bottom is cut off 2 to 3 cm below the 1 cc mark and m- 
seited in a 2-hole lubbei stopper which m turn fits into a short section of 
test-tube The internal diametei of this short section of a test-tube is so 
large relative to that of the pipette that a considerable rise of mercury 
in the pipette makes an mappreciable difference of level m the test- 
tube (6, Fig 4) The relation between the length of the markmgs on 
the pipette and the volumes as marked, i c mm per cc , is deternuned 
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The gage is hllcd mth sufficient meicuiy (and a few drops of fiee water to 
maintain aqueous vapor tension) and its level adjusted befote insertion of 
the plug to the zeio maik 



Fig 4 A, absolute pressure gage, B, differential pressure gage (not drawn to 
scale) For the symbols used, see the test 


Upon introduction of gas the pressure in the chamber is calculated from 
the gage readings as follows (see Fig 4, 

Let P = total pressure m the chamber, in atmospheres, h = initial hy- 
drostatic pressure in the gage, in atmospheres This is the sum of two 
factors (1) the hydrostatic pressuie of the watei outside the gage, (2) the 
hydrostatic pressure of the mei cuiy m the gage These are showm as o an 
nio respectively in Fig 4 

h — final hydrostatic pressui e m the gage, m atmospheres Tlus is equa 
to /lo plus two new factors (1) A change in level of the mercury m ^ 
tube section with a corresponding mcrease m the water column a, la e 
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in Fig 1 jVs hns been pointed out above, this is negligible (2) An in- 
cresse in the height of the mercury in the gage pipette, shoivn as m in the 
diagr un This is clciiily not negligible But since the piopoitionality be- 
tween the a oluine leadings md the length of the column is easily measuied, 
m = k (I’o — F), and h = ho + k (Fo — ^ ) 

w = aqueous tension, atmospheres 

Fo = Nolumo of gas in tho gago in cc , when P = 1 atmosphere 
V “ “ “ “ “ “ “ “ “ at any other pressure 

Then, temperature being constant, 

(1 -1- ho - u>)Vo = (P + h - ui)V 

Hence, 

P = (l-J-ho — — h + io 

If we introduce the proportionality between h, Vo, and F, 

P = (1 + ho - le) y - ho - h(Fo - F) + U> (D 

In practice, an important simplification is made by adjusting ho equal to 0 
once and for all To do this, the original level of the mercury m the pipette 
(nio) IS so adjusted bcfoie introduction of the rubbei plug at the top that its 
hjdrostatic piessuie just balances that of the watei column (a) The gage 
Ls calibiated as follows Ihe bath is filled to the piopei level at the desired 
tempcratuie (usuallj 38°) and left open to the atmospheie P is then de- 
termined fiom a leadmg of the baiometei, F is simultaneously lead, and 
I'’o IS calculated from Equation 1 It has been found convement to con- 
struct a graph for other piessuies up to 8 atmospheres, relatmg P to lead- 
ings of F Unless the rubber plug, and hence the settmg of ho, is disturbed, 
this graph serves for all time The pipette can be easily lead to an esti- 
mated 0 001 cc , giving calculated pressuies to 0 01 atmosphere 

Differential Pressure Gage — The gas phase of the Warburg system is iso- 
lated from the circumambient atmosphere by closing the stop-cocks when 
the desired pressure is reached, the reasons for and the details of this 
rangement arc explained below However, smee stop-cocks blow out an 
not in, leakage at the stop-cocks, which was found otherw ise to occui , was 
climmated by maintaining prcssuie in the chamber at a slight differentia 
pressure of 50 mm , Biodie’s solution, above the pressure in the Warburg 
system Tins is done by manual control of the i eduction valve on the oxygen 
tank from time to time, as guided by the differential piessure gage shmvn m 
Fig 4, B As in the absolute gage, a 1 cc pipette of about 2 mm bore is 
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used to measure changes m \olume, but because the original mercmy le\el 
(equivalent to the ho m. the absolute gage) is not adjustable, and the 
column may fall as well as nse, the mercury reservoir is earned to the side as 
shown In order to provide a high degree of sensitn ity, the volume m the 
gage IS mcreased by the auxihary vessel (shomi to the right of the pipette) 
The position of the 3-way stop-cock is dictated by'- the dimensions of the 
chambei and the a\ ailable space foi a stop-cock control passing to the out- 
side, and IS shown below the watei line only for diagrammatic com enience 
The stop-cock is left open to the circumambient gas until the desiied pres 
sure IS reached, and is closed to the position shown on the diagiam at the 
same time as the stop-cocks of the Warburg manometers 

The mathematical calculation of the differential pressure is the same as m 
the case of the first gage for the measurement of total pressure, eveept that 
1 IS replaced by Pa, the initial pressure in the chamber Hon ever, since 
only approximate calculations are needed, second order values may be 
neglected and it is easy to show that the differential pressure is given by the 
equation, 

where 


Po = initial pressure in atmospheres 
AP = differential pressure, atmospheres 
AK = change of volume, co 

AA = ” ” hydrostatic pressure of mercury in the gage, atmospheres 

But, as before, there is a proportionality between Ah and the scale readings 
of the gage, t e , Ah = hAV Hence the above equation becomes 


But fc is of the order of 0 3 and Po/Vo never exceeds 8/100 Hence we may 
neglect the latter, and as a sufficient approximation we obtain 


-AF = 


K 


( 2 ) 


Smee AP is mamtamed at about 50 mm of Brodie’s solution ( = 50 X ^ 
atmospheres), AV is then about 0 015 cc , an easily readable difference o 
volume from the initial Since by Equation 2 the readings of the erm 
tial pressure gage are for piactical purposes independent of the to a p 
sure, it may be cahbrated, if desued, as follows A Warburg 
ivith vessel is placed in the apparatus, the arm not connected wnt t e v 
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being left open to the ambient pressure at some convenient level, eg S 
atmospheres 1 ho pressure is then raised or lowered until there is a change 
in level of the manometer fluid of 50 or 100 mm , and the corresponding 
change m the differential pressure gage is noted 



Fig 5 bchcmatic drawing of the Warburg apparatus The upper stop-cock 3/, 
shown in two sections, is actually built in one piece, ivith a long barrel When 
mounted, the rubbei tube li at the inferior end of the manometer is compressed at 
will by a simple screw driven plate A bar at the outer end of the screw engages the 
prongs of the control shaft, IS in 1 ig 1 V is the main vessel or respirator, and Y' 
18 the compensating vessel (For a full discussion, see the text ) C S S is the 
chambered side stop cock, P P a, filter paper cylinder or roll, G R is two glass 
rings used to support the paper roll away from the sides of the center well, C W 

Delei minalion of Gas Exchange in Respirators 

Fig 5 shows diagiammatically the construction of the Warburg respira- 
tors, of which theie arc si\ units that can be simultaneously mounted in the 
piessure chambei 

Customaiily when woik is earned out at 1 atmosphere, the temperature 
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being maintained nearly (±0 02°) constant, changes of barometric pres 
sure and temperature are corrected for by the use of an empty vessel acting 
as a thermobarometer run in parallel mth the experimental respirators 
Such an arrangement at the high pressures of the chamber would be im 
practicable oivmg to the fact that relatively large changes m ciicumambient 
pressure are impossible to avoid, and also to the necessity of mamtaimng a 
shghtly positive pressure in the chamber relative to that in the respirators, 
as outlmed above For this leason, the arm of the manometer not con- 
nected ivith the respirator is connected ivith a large compensator {V) of 
about 1000 cc capacity by means of the mam stop-cock (M, Fig 5) which 
m the position shown connects the respirator and the compensatoi mth the 
i ight and left arms of the manometer respectively, thus completely isolating 
them from the circumambient piessure In practice the two actions are 
accomplished by a turn of 90° of a single stop-cock In Fig 5, the smgle 
stop-cock IS divided for schematic purposes The readmgs of the manom 
eter are then unaffected by variations m the ambient pressure of the 
chamber as long as these are not great enough to cause leakage of the stop 
cock Furthermoie, smce temperature is mamtained constant at ±0 02 , 
the change in absolute amount of gas m each respirator can be measured in 
teims of the change m manometnc heights without recourse to the thermo 
barometer ordmarily used 

The calculation of the change in gas volume m the respiratoi is derived 
a- follows 

V = volume of the respirator to the 150 mark on the manometer corrected for 
the volume of medium, specimen, etc , placed within, cc 

I ' = imtial volume of the compensator to within 5 cc ^ 

Po = “ ambient pressure (respirator and compensator), mm Brodies sou 

tion 

P, P' = any subsequent pressure, respirator and compensator respectively, mm 
Brodie's solution 

w — aqueous tension at 38°, mm Brodie’s solution 

AG = change in the absolute amount of gas in the respirator it norma mpera 
lure and pressure, cc , 

(1, d' = change in level of the mauometer on respirator aide, or tompensa or s , 
respectively, mm Brodio’s solution 

The sign of d and d' it> deteimmed by tJie convention, reading (initial) 
minus readmg (final) = d (oi d') 

T = absolute temperature 

10* = 1 atmosphere, mm Brodie’s solution . 

/ = ZI3/T X 10*, a factor correcting for temperature and conve 
Brodie’s solution to atmospheres 

It IS clear that after a finite peiiod of i espiration the amount of t 

respiiatoi changes, while that in the compensatoi remains unc ange 
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lolume of gis in the rcspiritor changes by the amount ad, and that in the 
compensator by a corresponding amount ad' (with due respect to sign) 
llie diflerence in fiydrostatic pressme between respirator and compensator 
IS obviously {R\ — R “j) — (Rr — Re) = (72 — Rr) — (R^ - Rc) = d — d' 
72“ and 72 are initial and final readings respectively of respirator (r) or com- 
pensator (c) From these considerations, the follow mg primary equations 
anse 

(P — t£i) •=• (P' — to) + (d — d’) 

Y' (P. - u>) = (F' + ad!) (P' - to), henco (P' - ui) = , (Po - w) 

F' + ad' 

AO X = F (Po - t>) - (F + ad) (P - to) 

By combining and algebraic transformation, 

- /•' (m (i + f ) (i4b)] + (■ + fj V - «} 

Since ad' is small relative to V, V'/{V' -f ad') = 1 — {ad'/ V) More- 
over, a/V IS of the order of 10~* Hence, a/V X (d' — d) is negligible for 
values of d and d' m the range of the manometer The above equation then 


simplifies to 



^Tiere 

AO = P d' + Pi d 

(3) 


F| — ^1 + — ^Oj 

(4) 


=3 ^1 + “ -Po^ ^Ol 

(5) 

^0. = (273/311) (1/10') K 
solubility of oxygen m w 

us the customary constant foi the yessel The 
itci IS neglected In measuring CO 2 the con- 


stant /icoj la substituted us m the mannei lustomary for w'ork at 1 atmos- 
pheie, VIZ, k^o, = I o, + •^co.'b' when acoi la the solubility coefficient 
of CO. ill cc pel cc pel mm of Brodic’s solution ind jS' is the volume 
(cc ) of the aqueous pli isi in tin lespiialoi AG may be conveited from 
uc to miciohttis oi miciomoles by multiplying by 1000 oi 44 65 re- 
spccti\ ely 

In pi ictice the leadings of the manomotcis aie aiiaiigcd m horizontal 
columns us follows 
lime 

Itcading (compensator side) to nearest inm 
“ (respirator « ) ■< <• q 1 mm 

<l' 

hd' 

ltd 

AC 
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The factors Fi and F3 are calculated by Equations 4 and 5 from the known 
values of a/V, a/V, ko„ and Po The values of a/V and afV' aie sufficient- 
ly close for a set of manometers, vessels, and compensator to permit use of 
a\ erage values Frequently it is possible by adjustment of the manometer 
fluid to work at constant volume, le ,d = 0, thus simplifying calculations 
It must be remembered, however, that whereas 1 4- (a/V')Po is of the 
order of 1 2 when the pressure is 8 atmospheres, the value of 1 -h (a/V)P() 
IS 9 It IS for this reason that d is read to 0 1 mm and kept as small as 
possible without too much loss of time in the readings In point of fact, 
however, it is easy to show with a constant amount of gas that wide varia 
tions in the level of the manometer fluid will give values of d and d' closely 
followmg Equation 3 Hence it is merely a matter of com enicnce whether 
to work at constant or variable volumes of gas m the respirator 

Expenmetilal Procedure 

The pressure chamber is filled with tap water and adjusted to 38° The 
respirators containmg the respumg system required by the nature of the 
experiment are equipped wath filter roll and 0 2 to 0 25 cc of N NaOH in the 
center well (see below) The chambered side cock (CSS, Fig 5) being 
empty, the vessels are attached to then respective manometere, and the 
vessels are all gassed at once ivith 100 per cent O 3 through a manifold tor 3 to 
4 nunutes, the gas escapmg through the open side cock The side cocks are 
then closed and 1 cc of sulfuric acid of appropriate concentration is intro 
duced mto each of them with a syrmge and needle This acid is subse 
quently, at the end of the lespiratory period, admitted mto the main vessel 
to termmate the respiiation and to free any bound CO. m the tissues an 
medium for collection on the alkali filtei roll The respir it 01 units ai e then 
fixed m position on their healings {8 and 9 in Fig 1), the compensators arc 
connected, the cover of the chamber is bolted into place, and the m inoniefcr 
fluid draivn down completely below the infeiioi turn of Ihe minomctcis 
This prevents the manometci fluid fiom being foiced into vessel oi com 
pensator while the pressui e is being rapidly 1 aiscd The pi cssurc ch ini )cr 
IS now flushed vnth a vigoi oils sticam of oxygen for 5 to 7 minuteii, sulhcicn 
to replace the mitial air of the chamber by 98 to 100 pei cent of oxygen os 
determmed by appropriate control tests) . j 

Oxygen is now admitted through the inlet (15, Fig 1) and the i osire 
pressure having been reached, the manometer fluid is adjusted at 
venient level on the manometeis, and the stop cocks {M, 1*6 
manometers and compensators are closed llespiiatoi’s and compen 
are now isolated fiom the piessurc chamber The piessurc 
Fig 4) IS now read and the stop-cock to the differential piessurc 
Fig 4) IS closed The piessuie in the piessure chamber is now rai 
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about 50 mm of Brodie’s solution as determined by the readmg of the 
differential pressure gage 10 minutes are allowed to elapse for the attain- 
ment of the physical equilibirum between tissue and aqueous phase, mth 
the high pressure gas phase Readmgs are then begun and repeated as 
occasion requires At the end of the desired respiratory period, the acid m 
the chambered side stop-cocks is admitted into the respirators, as men- 
tioned above, by means of control 11 (Fig 1) to terminate the reaction, and 
20 minutes are allowed for the absorption of all COj upon the filter roll 
All stop-cocks arc then opened and the pressure is brought down to 1 at- 
mosphere The cover is removed, the respirators ate disconnected, and the 
alkali filter rolls quantitatively removed, and the COj output determined as 
descnbed below 


Range of Method 

The method permits at pressures of oxygen up to 8 atmospheres (the 
maximum safe pressure for which this apparatus was biult) the deteimina- 
tion of the oxygen uptake of tissue slices, homogenates, etc , with the 
simultaneous determmation of the carbon dioxide output With appro- 
priate controls to determine the COj of parallel systems at the begmmng of 
the respiratory period, the respiratory quotient can be calculated Vanous 
enzyme systems can also be studied under high pressure and, if desired, the 
chambered side stop-cock may be used for the mtroduction at high pres- 
sures of substrate, auxiliary substances, etc 

Delerminatton of CO 2 Output 

The determmation of the CO3 output of tissues when the manometers are 
enclosed m a high pressure chamber requires a different technique from that 
customarily used when one is workmg m the open at 1 atmosphere In the 
latter case the COj absorbed by the alkah absorbent during the respiratory 
period is determmed m the same repirator folloivmg acidification of the al- 
kah Alkah and acid bemg initially m separate compartments, mrxmg is 
easily accomplished by tippmg the respirator umt after removal from the 
bath This is obviously impossible with the high pressure apparatus For 
this reason the acid is mtroduced into the medium from the chambered side 
stop-cock (C S jS , Fig 5) by mampulation of control 11 (Fig 1) This 
serves to kill the tissue and release any COj present in the medium as bi- 
carbonate 20 mmutes are allowed to elapse for the absorption of this 
CO2 and the COj present m the gas phase durmg the respiratory period 
The apparatus bemg then disassembled, the filter roll is removed, ivith 
quantitative precautions, and placed m a clean Warburg respirator of the 
ordmary type The center well of the experimental respirator is carefully 
washed four tunes with 0 5 cc portions of water, the washmgs bemg added 
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to the vessel contauung the filter roll This vessel is then equipped with 
the requisite quantity of acid in its side sac and set up m a bath After 
tempeiature equihbration, acid and alkali are admixed and the COj de 
ternuned by the customary techmque As is customary when the net COj 
foimed during a given respiratory period is to be determmedj a sj'stem 
similai to the experimental one is set up in parallel This is acidified at 
zeio time of the respiratory period and its COi content determined as 
abo\ e This "imtial COj” is apphed as a correction to the total COi of the 
respu mg sample to give the net COi formed durmg the period The respira- 
tory quotient can then be calculated 

Rale of Absorption of CO3 al High and Low Pressures 

It was to be expected on general theoretical grounds that the rate of dif- 
fusion, and hence the rate of absorption, of COj from the medium to the al- 


Table I 

Rales of Absorption of Carbon Dioxide in Warburg Respirator under Varying Condi 

lions (Temperature, 38°) 


Total pressure 

1 

ArrangemcQt tor CO: absorption 

i teciproal 
log ram 

airMSphera i 

1 

Filter roll, 30 X 22 mm , in center well extending 1mm be 

0 16 

s 

low top of center well, 0 2 co n alkali 

Same 


1 

Filter roll, 30 X 37 ram , m center well extending 15 mm 

msm 

s 

1 above top of w ell 

Same 

0 21 


kail filter roll should be markedly mfluenced when the total pressure is m 
creased by addition of an mdifferent gas This was found actually fo^ 
the case and necessitated care in the arrangement of the filter roll to 0 
adequate rates of absorption To compare rates of absorption under gwen 
physical conditions, use was made of the fact that absorption folloiis a 
order course, viz 2 3 log Fcoi = hi -p constant, where Pco» ^ 

pressure of CO 3 at any given time, t, durmg the process of 
a measure of the rate of absorption and is the proportion of the C j pf ^ 
at any tune absorbed m a unit of time With any given physica s 
GOs was mtroduced mto the vessel usually by the acidification ° 
tamed bicarbonate solution The imtial pressure of COi was on 
age about 150 mm of Brodie’s solution After a minute or 
complete evolution of the COj, manometer and time readmgs were 
til no more absorption occurred The Pco. values thus 0 ame 
the above equation closely in most instances From the ope 
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Pco, plot against tune, A. could be calculated Many determinations Mere 
made until consistent results A feu' are given for discussion 

It Mali be seen from Table I that with the same physical set-up and the 
same degree of shaking, the rate of absorption of CO 2 is reduced bj one- 
third when the total pressure is mcicased by a diluting gas from 1 to 8 at- 
mospheres 

The conditions finally selected Mere more than adequate for CO 2 ab- 
sorption at o\j gen pressures up to 8 atmospheres A piece of filtei paper 
(30 X 37 mm ) Mas held m the form of a cylinder contammg one thickness 
of paper only by means of tu 0 small glass rings This assembly is inserted 
mto the center uell {G R and F P , Fig 5) The glass rmgs preiented 
contact of the filter roU Mith the uaUs of the center well This ariange- 
ment increased the effective surface and also prevented alkali from creepmg 
mto the mam vessel Rubber rings cannot be used, since rubber absoibs 
oxygen uhen the pressure is greatly mcreased Just enough alkah (0 2 to 
0 3 ml ) of appropriate strength (usually 4 to 5 times the equivalent of ex- 
pected COj evolution) is added to the center well to moisten the filter loll 


Additional Factors in Gasometne Analyses 
Smee a large part of the effect of high oxygen pressure upon the metabolic 
systems might reasonably be expected to occur early m the peno 0 e\ 
posure, it became necessary to determine the nuniraum length o time re 
quired for the system to come to physical equihbnum when the pressure ot 
oxygen is suddenly mcreased from 1 to 8 atmospheres, the highwt pressure 
used With the present apparatus this pressure can be attained about 2 
mmutes A number of experiments were therefore performed in w c e 
pressure was rapidly raised to 8 atmospheres Smee the vessels contame 
no tissue, the tune required for the attamment of physical eqmhbrium could 
be measured In some cases the vessels contamed the appropriate me lum 
for the study of tissues, and in others slightly acidified water was u^ in or 
der to ehmmate the absorption of the small amount of COi mevita y 
ent Constant readmgs were always obtamed after a maximum 
mmutes from the time maximum pressure was reached, and m many cases 
m less than 2 mmutes In practice, therefore, readmgs are egun 
mmutes after the pressure has attamed its maximum The ^ ainmen o 
temperature equilibrium presented no problem, because o e a 
time spent m flushmg the apparatus with oxygen before the pressure m as m 
creased (5 to 7 mmutes), dunng which the vessels were bemg constantly 


shaken m the water bath at 38° „ , , 

A further difficulty presented itself at high pressures of oxygen u 
dissolves appreciable amounts of oxygen Hence when su e y 
to a new high pressure, oxygen is absorbed by the rubber an e a 



686 


GASEOUS METABOLISM AT HIGH O2 PRESSURES 


ment of equilibrium is a slow one (30 to 60 mmutes) It was therefore 
necessary to connect the static compensators to the shakmg manometere 
with carefully fitted glass connections, united by mbber tubmg m such a 
way that a negligible amount of rubbei surface was presented to the gas 
phase inside the manometer umts A prehmmary attempt to use rubber 
tubmg alone resulted m a slow change m gas volume on the compensator 
side sufficient to cause a serious error m experimental measurements, mth 
equilibrium not reached at the end of an hour 
Another consequence of havmg the compensatmg vessels not shaken (as 
dictated by their size and the space available, as well as mechanical comph 
cations) IS the relatively long time required for physical equilibrium of any 
water contained m them beyond barely visible moisture Precautions are 
therefore necessary to prevent water from accidentally accumulatmg This 
is particularly impoitant when respiration is measured at a low pressure 
followmg exposure to high pressure, m this case, equihbnum is even more 
slowly attamed 


SUMMARY 

1 An apparatus and techmque are described for the measurement of 
gaseous metabolism m intro of survivmg tissues, enzymatic systems, etc , 
under pressures of oxygen up to 8 atmospheres, absolute 

2 The apparatus consists of a cylmdncal high pressure chamber which 
contains six Warburg respirators and manometers The scales of the ma 
nometers are read through windows and the necessary mampulations are 
performed by means of external controls 

3 The mam structural features of the apparatus are given in full 
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A major requirement for metabolic studies of tissues tn vitro wth the 
Warburg or similar apparatus is the preparation from sundry organs ot 
thin slices of uniform thickness When economy of material is necessary as 
m the case of the small organs of the rat, this smgle operation often be- 
comes a limi ting factoi m the amount of material available Several 
methods are currently used in this operation, of which the eommonest are 
the free-hand method mth a razor, with the subsequent selection of suitable 
portions of the slices, and vanous forms of double bladed cutters 

Both of these methods are relatively wasteful of material, particularly 
with small organs such as rat kidney or bram Furthermore, m precise 
metabohe studies it is important to know that the thickness of the given 
shces IS below the “limitmg thickness” necessary for maximum oxygen up- 
take and metabohe activity Above this point, the gas exchange is hmited 
to an mcreasmg extent by the thickness of the slice, and becomes less and 
less a measure of tnie metabolism For this reason, the thickness of free- 
hand shces often must be mdividually determmed by measunng their areas 
and weights At the same time, it often occurs that the lumtmg thickness 
of a tissue is such that a shce appreciably thinner becomes difficult to pre- 
pare by these methods This is particularly true of friable tissue such as 
bram For metabolic studies the use of fixative or freezmg agents is, of 
course, prohibited 

A rmcrotome for such slice preparations from fresh tissue is here described 
In prmciple, the device mechanically holds a defimte thickness of tissue be- 
tween the under surface of a transparent plate and the advancmg edge of a 
thm, flat razor blade In this w ay multiple shces can be quickly made with 
a mmimum of trauma and with considerable reproducibihty The ac- 
companying working drawings^ should be largely self-explanatory , but the 
specifications are summarized for convenience 

* The work described m this paper nas done under a contract, recommended by 
the Committee on Medical Research, between the Office of Scientific Researc ^ 
Development and the University of Pennsylvania Permission for pu ica ion 
granted by the Office of Scientific Research and Development 

' Enlarged copies of all figures may be obtained upon request from t e au ors 
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MICROTOME 


Fig 1 represents the microtome, which is constructed of two pieces of 
5/16 mch Plexiglas, fastened with brass or stainless steel sereivs carefully 
centered for mterchangeable, end for end assembly These are tightened 
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Ra 1 Working drawing of the microtome All dimensions are in inches 


Table I 


Working Dimensions of Microtomes for Various Thicknesses 


Tissue thickoess required 

Depth of cut 


tnch 

tnch 

0 25 

0 0093 

0 m 

0 35 

0 0138 

0 012 

0 so 

0 0197 

0 018 

0 75 

0 0295 

0 028 


Fumhed dtpUi (u«»' 

hUde Itictnrfs) 




0 0048 
0 0083 
0 0U7 
0 0245 


only to bare holdmg tension (m practice, with a finger nail) to minimi 

cold flow of the plastic , t, j A t with fuU 

The upper surface of the top section is ground and pohs e ^ 

transparency (except for mmor scratches) The 2 X i mch ep 
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the lower surface is machine cut to a depth greater than required and 
brought down to the e\act depth (dependmg on the slice thickness d&ired) 
by band gnnding tlie uncut surface on a steel table to ±0 0005 mch 
Table I shows these chmensions for various thicknesses of sbce The in- 
strument IS designed for use with 4 mch lengths of unperforated Old 




Fia 2 Fig 3 

Fio 2 Working drawing of base for holding tissue The dimensions are m inches 
Fig 3 Diagrammatic perspective view of completed microtome, with tissue and 
blade in place, partly cut away The thicknesses of the blade and slice are exag- 
gerated for clanty 


Table II 

Average Thickness of Slices from Microtome Built lo Cut 0 50 Mm 


Organ 

No of slices 

Mean thickness 

Standard error 



mm 

mm 

liver 

6 

0 51 

±0 022 

Kidney 

8 

0 47 

±0 024 

Heart 

6 

0 49 

±0 024 

Brain 

6 

0 49* 

±0 019 


* Calculated from dry weights (see the text) 


Fashioned Valet Type Autostrop Blade, ^ whose thickness is 0 010 mch 
wnthin extremely close limits 

The upper surface of the bottom section has a similar depression machme- 
cut and ground to the dimension shown m the drawmg, which affords pas- 
sage to the blade with 0 001 inch clearance The center is cut out to allow 
entrance of the tissue 

* These blades were secured from the Gillette Safety Razor Company, Boston, 
Massachusetts, in uncut lengths of 4 inches, through the courtesy of Mr Stafford 
Johnson, to whom we are indebted 
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Fig 2 shows the base, which is merely a small table built of stainless steel 
to hold the tissue 

In operation, the tissue rests on a moistened bit of filter paper on the steel 
table The blade is mtroduced into the microtome, i\hich is then gently 
pressed down on the surface of the tissue The blade is advanced mth a to 
and fro motion until the shce is complete, and is then removed The shce 
may be washed up from the inverted nucrotome m a dish of salme, or lifted 
out mth a spatula The operation can be repeated ivith ease and rapidity 
Fig 3 shows the instrument m perspective, partly cut aivay, with tissue be 
mg sliced (The thickness of blade and shce are exaggerated for clantv ) 

Table II shows the average thickness of slices from several lat organs 
made with the cutter built theoretically to cut 0 50 mm thickne® The 
standard error m all cases can be seen to be within 5 per cent The method 
of measurement was as follows The fresh slice was floated over nun 
squared paper, and the area taken by counting the uncovered squares mth 
m a given area, fractions bemg estimated to 0 5 sq mm In some cases the 
areas were taken by trimmmg a piece of filter paper accurately to the size of 
the slice and subsequently taking its area with a plammeter or by the use of 
squared paper The shces were then blotted dry and w eighed on a torsion 
balance to the nearest mg The density of all tissues w as assumed to be 1 W 

Preparation of shces from the bram, particularly from the rat, is usually 
difficult The extreme friability of the tissues makes blottmg, for deter 
mination of the moist weight, or excessive handling inadvisable With the 
microtome we have found the preparation of uniform slices relatn ely ea^ 
(see Table II) In practice, we have floated the slices out of the mverted 
microtome with salme and transferred them to the respiratory vessels mt 
a spatula The dry weights were determmed at the end of the respiratory 
period Dry weight to wet w eight ratios were obtamed by blottmg a large 
piece of the discarded portion of the bram, weighing, and drying 

Shces of other organs, including liver, kidney, lung, and heart, are pr^ 
pared routmely with greet ease and rapidity For example, from a sing e 
rat kidney, four to six pieces 0 5 mm thick and weighing 50 to 75 mg eac 
may be easily cut 


SUMMARl 

1 A microtome for the preparation of thm shces of fr^h 

studies of metabohc activity in vtlro is described Working awm 
specifications are mcluded r 

2 Representative data as to the accuracy and reproduci i y 
prepared by the apparatus are given 
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The study presented here was undertaken at the request of Colonel H 
Plotz followmg observations on the distribution of nckettsial antigens made 
m the laboratory of the Division of Virus and Rickettsial Diseases, Army 
Medical School, Washmgton, D C The primary objective was the col- 
lection of chemical information on the presence and properties of specific 
substances m different fractions of the rickettsial cell, dismtegrated by a 
variety of methods, and m certam by-product llmds obtained dunng the 
purification of the organisms cultivated m the yolk sac of the developing 
chick embryo, accordmg to the method of Cot (1) 

In contrast to the large amount of information on the chemical composi- 
tion of pathogenic bacteria, our knowledge of the chemistry of nckettsiae is 
e\tremely scanty This has been primarily due to the diflhculty of culti- 
vatmg these obligate intracellular parasites in amounts suflScient for chemi- 
cal work Some data on rickettsial antigens, ivith special reference to their 
relation to the Weil-Fehx reaction (2, 3), and on rickettsial toxins (4, 5) 
iviU be found m the hterature With regard to the classification of rickett- 
siae and to the epidemiological and immunological aspects of epidenuc ty- 
phus and related diseases reference may be made to a number of recent 
summaries (6-10) 

The organism used in the present study was Rickettsia, prowazeki, the 
etiological agent of epidemic typhus The material, grown by the method 
of Cox (1), had been treated with formaldehyde previous to its fractiona- 
tion, we are highly indebted for it to Colonel H Plotz and his associates at 
the Virus Laboratory of the Army Medical School 

The mvestigation of the specific components of purified nckettsiae is 
made difficult by the scarcity of the available matenal It furthermore 
suffers from the common lirmtations of work on bactenal constituents, viz , 
the lack of well understood and generally apphcable procedures The un- 
econoimcal method of tnal and error has to be followed throughout It is 
perhaps worthy of note that many methods used successfully for the isola- 
tion of specific bactenal fractions, e g the treatment of aqueous suspensions 

* This work was earned out under a contract, recommended by the Committee on 
Medical Research, between the Ofi&ce of Scientific Research and Development an 
Columbia Umveraity 
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of bactena with chloroform, trichloroacetic acid, or proteolytic enzymes, are 
based on the alteration, degradation, oi destruction of the bactenal pro- 
teins One feature of the present work to which attention may be draivn is 
the extensive use of physical methods for the separation of antigenic frao 
tions 


EXPERIMENTAL 
Preparation, of Rtckeiisiae 

The accompanymg flow sheet indicates the methods adopted at the 
Division of Virus and Rickettsial Diseases, Army IMedicai School, for the 
preparation of the matenal supplied to this laboratory 

Infected yolk sacs treated with formahn, homogenized with buffer, and centrifuged 



Sediment suspended in buffer. Supernatant, Fraction AA 

treated by special methods 
to remove cell ddbna, and 
centrifuged 



Sediment, purified nokettaiae Supernatant, Fraction A 

In the present study several preparations of purified epidemic nckettaae 
(representmg a total of 1 9 gm ) and numerous preparations of the y 
product fliuds, aw Fractious AA and A, were examined 

Estimation of Specific Activity 

The purification of nckettsial antigens depended on the availability of a 
rapid method for the demonstration of specific activity m 

against formohaed epidemic nckettsiae contain nckettsial 
high titer, but with isolated nckettsial fractions the conditions for o 
specific precipitation appeared less favorable because of the appareo 
combining latio of antibody to antigen With the nckettsim 
available, satisfactory precipitation of mdividual nckettsid gsd 

be observed only at a comparatively high concentration of bo an i 
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antiserum, although the same sera exhibited lugh titers m the agglutmation 
of intact rickettsiae The dilution of the antigens and the antisera resulted 
in the appearance of non-docculent turbidities Smce, moreover, solu- 
tions of several antigens examined were opalescent, the f * 

precipitm reaction was far from mviting, but it proved useful in the comse 
of mmiy experiments and its results agreed well ivith those of com^ement 
fixation tests later performed with the same fractions at the ,\rmy Medical 

^"The tests were carried out by mixmg 0 1 cc of the rabbit antisemm 
luted with 2 parts of physiological salme) with 0 1 cc of the ddution 

m salme All solutions contamed 0 01 per cent of ethyl “^ercunthiosah- 
cylate The customary saline and serum controls were -“ The 

mixtures were stored at 37“ for 2 hours and at 4 or j nomts 

of turbidity was then estimated before a strong lamp and the end-pomts 
by the sed.mea^ .fto the tub» 

lo, 5 nmutes .t 2500 « p .. When new an»r. were “ 
was first ascertained that the end-pomts of previous y unsuitable for 

lutionsremamed unaffected Gumea pig antisera were found unsuitable for 

these tests 

Fraction AA 

Three preparations derived from separate harvests of 
and a fraction from normal non-infected iipid- 

comparable conditions) were exammed The highly 
contaimng emulsions nere partly clarified by ^^^raction hjther^a j 

tested for typhus-specific precipitatmg activity No activity 
m the unco^en Jed preparations or m Bupematants c^“ 

centrifuge One fraction which had been concentrated by pervaporat^^^^^^^^ 

one seventh of its ongmal volume showed s ig P— i ^^gj^g The 
when tested with a rabbit antiserum agams epi e ^ 

amounts of specific matenal present m Fraction ° 

shght, probably not more than one-tenth ° ^ly were found re- 

tions of Fraction A, to be discussed later, which gene y 

active before concentration , .nfppted volk 

For . emp^oo bolwoon Frocb.oP AA 
sacs the solutions were extracted with electrophoretic ex- 

to a centrifugation at 7500 b p m for 30 at dH 7 1 revealed 

animation of the supernatants m J’^g^'^ormal and the infected 

the presence of two mam components m richer m protems 

preparations The former appeared b mnnnent had a sharp 

(oo„p.,e T.bl. I) Tbo slow eleot.ophor.Uc ““fX! IhX.obieot.d 
boundary, was highly opalescent, and readily sedimentab , 
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to centrifugation at 42,000 r p m for 40 minutes This fraction was almctet 
completely precipitated at pH 4 to 5 The faster component, hkewise 
readily sedimentable m the ultracentrifuge, was non-opalescent WTien 
stored at 4° for several weeks, it decomposed t 9 form products ivluch were 
no longer readily sedimentable in the ultracentnfuge The faster com 
ponent was soluble over a wide pH range The mobihties and relative 
proportions of these components are mdicated m Table I 
The mjection into rabbits of a rickettsial preparation contammg Fraction 
AA resulted m the production of antisera contammg a considerable amount 
of precipitms for normal egg antigens Followmg the absorption of the 
non-specific antibodies with normal egg yolk sac matenal, these antisera 
may be used for the estimation of iiekettsia-specific actmty The bulk of 

Table I 

Bleclrophoreltc Properties of Fraction AA 
The experiments were earned out in 0 02 it barbiturate buffer containing 0 OS n 


NaCl 


Source 

N per 

1 cc 

pH 

Desceadmg 

boundaries 

AKudiiijr 

boundaries 

Mobilities 

Area 

MobiliUes 

Area 


rng 

m 

uXJOi 

per cent 

uXlD* 

per cent 

Normal yolk sacs 

4 4 


-3 7 

45 


40 



m 

-5 5 

55 

-6 8 

60 

Yolk sacs inoculated with 

0 45 


-4 8 

30 

! -5 3 

30 

Rickellsta prowazeki 



-6 6 

70 

-6 4 

70 










antibodies apparently was not rickettsia-specific, but reacted with the 
opalescent slow component from normal yolk sac preparations 


Fraction A 

Isolation of Specific Material by Fractional Precipitation and 
iion — The followmg properties of the soluble specific substance (Frac lo 
AB) could be used for its isolation from the startmg matenal which '' 
tamed as a colorless opalescent solution * It is soluble at pH 4 to a a 
electrolyte concentration, it is insoluble at 50 per cent oOO 

ammomum sulfate at 4°, it can be sedimented by centrifugation a 
E p M for 90 mmutes, it appears as a relatively slow movmg J 

when subjected to electrophoresis between pH 7 and 8 More an 

1 It 13 advisable to isolate the soluble antigenic fraction as soon after 
as possible, since it appears to be destroyed on prolonged storage 
desenbed here were, as far as possible, carried out in the cold 
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the active material present in Fraction A could be isolated by a combmation 
of these methods 

The A fractions were dialyzed and concentrated by pervaporation to be- 
tween 7 and 10 per cent of the original volume The precipitate which 
separated, when the concentrated solution was adjusted to 50 per cent 
saturation with ammonium sulfate was dissolved m water and the solution, 
whose volume was one-half that of the concentrate, brought to pH 5 The 
precipitate appearing at tins pomt had only shght activity and was dis- 
carded after centrifugation The specific soluble substance was agam pre- 
cipitated from the supernatant by half saturation with ammomum sulfate 
and dissolved m physiological sahne (one-seventh to one-tenth of the volume 
of the original concentrate) After dialysis, the solution was stored for 2 
weeks at 4°, m order to decompose the normal heavy egg yolk component 
mentioned m the precedmg section, and then subjected to centrifugation at 
48,000 R p M for 90 mmutes The brown translucent pellets slowly dis- 
persed m sahne to yield shghtly opalescent colorless solutions from which, 
after prelimmary centrifugation at 4000 R p M for 30 minutes, they were 
agam sedimented m the ultracentnfuge 

The preparations thus isolated, designated Fraction AB, gave specific pre- 
cipitation with rabbit antisera agamst Rickettsia prowazeki and Rickettsia 
mooseri at end-pomts of 1 0 to 1 5 7 and 4 0 to 6 0 7 of antigen N per co re- 
spectively They did not react with rabbit antisera against egg albumm or 
normal yolk sacs About 50 to 75 per cent of the specific precipitatmg ac- 
tivity present m the startmg material could be isolated m this manner The 
yield of the purified Fraction AB m terms of nckettsial nitrogen may be ex- 
emplified by the followmg typical balance From 450 moculated yolk sacs 
purified nckettsiae contaimng a total of 48 6 mg of rickettsial N were har- 
vested In the same experiment 3800 cc of Fraction A were obtamed, 
which yielded 1 8 mg of N (3 7 per cent of the rickettsial N) m the form of 
the soluble antigen * 

A purified specimen of Fraction AB, exa min ed m the Tisehus electro- 
phoresis cell at pH 6 8 m 0 02 M barbiturate buffer contammg 0 08 11 NaCl, 

’ According to private communicationB from the Division of Virus and Rickettsial 
Diseases of the Army Medical School, 8 and 15 v of N per cc of this fraction fixed 4 
units of complement with human epidemic and endemic convalescent sera (11) 
I’cspectively Twelve guinea pigs, each receiving a total of 32 y of antigen N in two 
injections, produced specific complement fixing antisera (pooled) of low titer (1 5) 
for epidemic nckettsiae Seven of ten of these guinea pigs were partially or com- 
pletely protected against a challenge dose which produced typhus in all control 
tuumals The intravenous injection of 0 27 mg of total antigen N into several rabbits 
produced precipitms for the antigen, a high agglutinin titer (1 640) for epidemic 
nckettsiae, and a lo,w agglutimn titer (1 20) for endemic nckettsiae No precipitms 
for normal yolk sac suspensions and egg albumm were produced 
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exhibited a single boundaij with a mobihty of —5 3 X 10“® sq cm per 
volt per second on the ascending side and of —4 4 on the descendmg side 
The substance proved heterodisperse m the analytical ultracentnfuge The 
extremely small amounts available precluded a detailed chemical char- 
acterization of this material, but similar fractions obtamed from Fraction A 
by electrophoretic separation wiU be discussed later m this paper 

Table II 


Eleclrophoreltc Separaiton of Fraction A 


El 

P«i 1 

meat 

No 

Fraction 

1 

P 1 

atomic 

taUo 

1 

Ultra 

violet 

absorp* 

tion 

man 

mum 

Ppta end pomt 

Electrophoretic mohiliUes 

Rabbit 

anti 

serum 

against 

epi 

demic 

n^ett 

sue 

Rabbit 

anti 

serum 

against 

endemic 

nckett- 

sue 

Utscending 

bound&nes 

Asceadiag 

bouadanes 



per 

P‘r 

1 






1 


cent o/ 

cent of 



tV 

y!f 


iiX/e" 



ongi 

ortgt 



Per cc 

per cc 





nal 

nal 







1 

A, concentrate 

100 

100 

12 

2660 

6 5 

13 

-4 1, 

-3 4, 


(barbiturate 








-4 4, 


buffer, pH 







-6 7, 

—0 6, 


7 0) 








—13 5 

2 

A, concentrate 








—4^, 


(borate buff- 


1 





-5 9, 

-6 1, 


er,pH7 8) 







-7 6, 

-8 4, 









-16 6 

—16 8 

3 

AP 

48 

88 

5 

2600 

18 

>18 


-13 5 

4 

AS 

52 

12 

44 

2760 

2 5-5 

10 

-4 1, 

-3 4, 









-5 0, 

-4 4, 









-6 7 

-6 5 

5 

AS-P 

36 

10 

30 


7 5 

7 5 


-5 1 

6 

[ AS-S (borate 

16 

2 

66 


1 

4 

-6 6 


buffer, pH 










7 8) 








— 


The incubation of solutions of the antigen at 37° for 24 hours mt cry 
talhne trypsm or chymotrypsm’ at pH 7 8 did not affect the en^poin^^^ 
antigen dilution at which specific precipitation was observed 
tions were also stable to heatmg at 100° for 1 hour, and hours at 

cipitatmg properties, nhen kept over a pH range of 3 to 10 for 

Eledrophoreitc Frachonatton — One preparation of Fraction A 
centrated bj pervaporation to about 3 per cent of the origin vo 

> We are indebted to Dr M Kumtz of the Rockefeller Institute, Princeton, 
Jersey, for these enzyme preparations 










S S COHEN \ND L CHARG VFF 


697 


dialyzed against water Portions of the concentrate, containing 520 y of N 
and 957 of P per cc , were subjected to electrophoretic fractionation in the 
Tisehus cell in 0 02 m barbiturate buffer (containing 0 08 m NaCl) at pH 
7 9 and in 0 1 11 borate buffer of the same pH The material was separated 
into one fast component (Fraction AF) and a group of three slower com- 
ponents (Fraction VS) Data on these experiments i\all be found m 
Table II, where the separation experiments are presented as Experiments 
1 and 2, while the properties of the separated fractions are summarized as 
Experiments 3 and 4 The ultraviolet absorption spectra of the original 


Oinlily 



Fla 1 Ultraviolet absorption spectra of Fraction A (concentrated) (77 7 of N 
per cc ), Curve I, Fraction AF (60 7 of N per cc ), Curve II, Fraction AS (66 7 of 
Nper cc). Curve III 

concentrate of Fraction A and of dialyzed Fractions AF and AS, obtamed 
by means of a Hilger spectrogiaph, are reproduced in Fig 1 
Approximately 90 per cent of the total phosphorus contained m the con- 
centrate of Fraction A resided m the fast component, Fraction AF, which 
appeared to consist principally of nucleic acid (Compare Fig 1 and 
Table II, Experiment 3 ) The ultraviolet absorption spectrum showed a 
niaximum at 2600 A The atomic N P ratio of 5 (required by the theory, 
3 75) mdicates the presence of some contammatmg mtrogenous material ^ 

* The electrophoretic separation of a concentrated preparation of Fraction A 
from a harvest of endemic nckettsiae {Rickettsia mooseri) similarly revealed the 
presence of considerable amounts of free nucleic acid, whereas in a comparable 
preparation from normal yolk sacs no free nucleic acid could be demonstrated 
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The group of slow electrophoretic components, Fraction AS (Table 11, 
Experiment 4), which retamed the specific activity of the starting ma- 
tenaJ was subj ected to further purification When the solution of Fraction 
AS was brought to pH 4 to 5 by the addition of dilute acetic acid, precipita 
tion of Fraction AS-P took place (Table II, Experiment 5) The non 
opalescent supernatant contamed Fraction AS-S (Experiment 6) which 
showed considerable precipitatmg activity This material appeared simi- 
lar, both m electrophoretic mobility and m specific activity, to the pre 
viously discussed soluble specific substance (Fraction AB) isolated from 
Fraction A fay salt precipitation and high speed sedimentation 

Rtckellsial Organisms 

Electrophoretic Mobility of Intact Rickettsiae — In order to test the homo- 
geneity of formolized rickettsiae, four separately harvested preparations 
were exammed over a wide pH range m umunivalent buffers (ionic strength 
0 02) m the micro electrophoresis apparatus described by Northrop and 
Kimitz (12) * All specimens examined behaved almost identically, al 
though prepared m two different laboratories, and between 90 and 95 per 
cent of the particles of the mdividual preparations exhibited uniform mo 
bihties The average mobihties (m p per second per volt per cm ) were 
-fl 35 at pH 1 75, + 1 01 at pH 2 57, 0 at pH 3 40, -2 38 at pH4 51, -3 08 
at pH 6 17, and -3 89 at pH 7 92 The shape of the mobility curve and 
the spread of the mdindual values are mdicated m Fig 2 
Lipids — A specimen of purified rickettsial organisms was washed with 
distilled water and dned m a high vacuum m the frozen state The or 
gamsms contamed N 12 2 per cent (Dumas) and P 0 93 per cent (Preg 
Lieb) For the removal of hpids 120 6 mg of the dry orgamsms were 
traoted for 14 hours ivith 50 cc of a boihng mixture of equal parts 
solute alcohol and ether The extraction residue w as filtered off and w as 
with absolute alcohol The combmed filtrates, after evaporation w vacuOi 
yielded the total lipids, weighmg 16 0 mg (13 3 per cent of the , 

The acetone-insoluble phosphohpid fraction w as obtamed by the ad i ion ^ 
acetone to a solution of the lipids m alcohol-ether, it weighed 3 7 mg 
per cent of the nckettsiae) The acetone-soluble Iipid fraction was 
covered from the mother liquor, it weighed 11 5 mg (9 5 per cen ) 
Extraction of Specific Substances — ^The treatment of the rioke ae ^ 
physiological sahne, 0 005 n NaOH, n acetic acid, or 2 5 m urea res 
the extraction of only very small amounts of nckettsia spec c m 

‘ We should like to thank Dr M Kumtz of the Rockefeller InsUtute, 

New Jersey, for permission to use the micro Meihcsl 

• According to a private communication from Colonel H o > typhus 
School, these lipid fractions failed to fix complement with epi e 
valescent sera 
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Dry nckettsmc were shaken with a 50-fold weight of diethylene glycol 
(in the presence of glass be<ids) for 21 houis at room temperature The ex- 
traction residues, collected by centrifugation, had lost between 20 and 30 
per cent by weight and about 10 pei cent of the total nitrogen The super- 
natant a\as freed of the sohent bj’’ prolonged dialysis through cellophane 
against running and distilled i\ater and the resultmg aqueous solution freed 
of lipids by extraction u ith ether Under these circumstances, the aqueous 
phase Mas found to contam 1 to 2 per cent of the total rickettsial mtrogen 
The extracted material show ed a precipitation end-pomt at 0 7 to 0 9 7 of 
N per cc , when tested with rabbit antiseia against epidemic or endeimc 
rickettsiae or against the specific soluble matenal isolated from Fraction A 
Isolation of Specific Fractions from Disintegrated Rickettsiae — The dis- 
mtegration of the rickettsial orgamsms with proteolytic enz 3 unes was found 


Uicreni/ 



Fiq 2 Electrophoretic mobility of preparations of Rickettsia prowazeki The 
spread of the individual values observed with four different preparations is mdicated 
by the vertical lines 

to produce a larger yield of antigemc matenal The rates of nckettsial 
breakdown, followed by means of electrophotometnc turbidity measure- 
ments, and the yields and properties of the hberated fractions were similar, 
when commercial trypsm (Fairchild), crj'stalhne trypsm,’ or crystallme 
chymotrypsm’ in 1/15 xi phosphate bufifei of pH 7 8 was employed Ly- 
sozyme preparations (fiom egg white) had no visible effect Some of the 
digestion experiments were carried out with residues from the diethylene 
glycol extraction 

In a tyqjical expenment, 70 cc of an aqueous suspension of the rickettsial 
bodies (0 7 mg of N per cc ) w ere adjusted to pH 8 3 and incubated wnth 7 mg 
of trypsm (Fairchild) and 3 5 cc of toluene at 37° for 3 days Most of the 
suspended matenal disappeared dunng this penod, to form an opalescent 
viscous solution A shght msoluble residue was removed by centrifugation 
and the supernatant subjected to dialysis, when 65 per cent of the ongmal 
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mtrogea was obtained in non-dialyzable form (The digestion with crystal 
line trypsm yielded shghtly more non-dialyzable N ) The precipitation 
end'pomt of this material with rabbit antisera against epidemic or endemic 
rickettsiae was found to be 1 4 y of N per cc 
The solution of the digested material was subjected to electrophoretic 
separation mto two distmctly migratmg components (see Table III) Fol 
loivmg separation, the mdividual fractions proved almost homogeneous 
electrophoretically, it required a lO-foid concentration to demonstrate the 
presence of very small amounts of the contammatmg component The fast 
electrophoretic component. Fraction KF, represented (m terms of nitrogen 


Table HI 

Ricletlsial Components Following Proteolytic Digestion 
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components, vtc Fractions RF and RS, were readily sedimented m the 
ultracentrifuge, but appeared to be inhomogeneous with respect to particle 
size For the isolation of these fractions, the electrophoretic separation was 
followed by thorough dialysis of the solution and evaporation of the water 
m the frozen state in a high \ acuum The samples for analysis were dried 


Tabli, IV 

Inltgcns of RicUlUia prowa-e^i 



Fraction RF 

Fraction RS 

Nitrogen • 

fer cent ' 

10 0 

HRRH 

Reducmgsugars (Hagedorn Jensen) 

14 4 


Carbohydrates (orcmol) 

8 5 


Ammo sugare (as glucosamine) 

1 6 

■s 


Ocoiity 



Fio 3 Ultraviolet absorption spectrum of nucleic acid isolated from nckettsiae 
by digestion with crystalline trypsin 

TO vacuo over PiOs at 61° Analytical data on the contents of mtrogen, car- 
bohydrates (by the orcmol method) (13, 14), total reducing sugars (15), 
and ammo sugars® (16) will be found m Table IV F or the determmation of 
reducmg sugars, the samples were hydrolyzed m sealed tubes with N HCl at 
100° for 4 hours, vhich proved the optimum tune In both fractions the 

•We wish to thank Dr K Meyer of this College for the ammo sugar determinations 
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biuret and Hopkms-Cole tests were positive, the xanthoproteic and ^hllQn 
tests negative, the ninhydrin reaction was positive in Fraction RF only 
Both substances were precipitable ivith acids and stable to heating and pH 
changes, similar to the soluble specific material isolated from Fraction i 
Nucleic Acid — ^When the solution resultmg from the treatment of nckett 
sial organisms with crystallme tr3rpsm was subjected to an electrophoretic 
separation (Table III, Experiment 3), an mtermediate boundary (mobihty 
— 14 9 on the descendmg side) was observed which did not appear m prep 
arations obtamed with commercial trypsm This material could be 
separated from the fast component. Fraction RF, which it accompames, by 
the sedimentation of Fraction RF m the ultracentrifuge The resulting 
supernatant exhibited the ultraviolet absorption spectrum characteristic 
for nucleic acid ivith a maximum at 2575 A (determined at a concentration 
of 0 01 mg of P per cc ) This spectrum is shown m Fig 3 


DISCUSSION 


The first conclusion that may be drawn from the studies here presented 
is that the antigenic fractions of Rtcketlsia prowazeki, regardless of whether 
they are liberated from the rickettsiae by tryptic digestion or isolated from 
certam by-product fluids obtamed durmg the purification of the organisms 
(Fraction A), occur m a highly polymenzed, perhaps particulate, state 
which permits their sepaiation from accompanymg substances m the ultra 
entnfuge An mspection of the electiophoresis patterns of different 
preparations reported m Tables I to III shows them to be composed of 
varymg combmations of five fractions wnth the followung abbreviated mo- 
bihties (based on the descendmg boundanes) Boundary 1,-4, Bounda^ 

II, —5, Boundary III, —7, Boundary W, —14, Boundary V, -“I 
Boundanes I and III probably represent normal yolk sac constituen 
The mobihty of Boundary II corresponds to that of Fractions AB an 

S, isolated from the by-product fluid Fraction A, and to Fraction RS, o 
tamed by the tryptic digestion of rickettsial organisms Boundarj 
appears to belong to nucleic acid, or to a fraction consistmg predominan 
of nucleic acid, which is found m Fraction A (Table II, ^ 

also as a result of the digestion of rickettsiae with crystallme trypsm ( a 

III, Experiment 3) The very fast component to which Boundary is 
signed (Table III, Fraction RF) has been isolated froni nckettsiae o ow 


their digestion with proteolytic enzymes , ,, jjj 

This is not the place to discuss the immunological properties o ric e^^ 

components, this -will doubtless be done at a later date It may, 

be pomted out that the examination of the rickettsial organisms 
the presence m them of tw o mam antigemc fractions (Frac 
RS), differmg m electrophoretic mobility, if not m chenuca co 
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but similar m the readiness with wluch they are sedimented m the ultra- 
centrifuge One of the supernatants obtamed m the course of the process- 
ing of the rickettsial suspensions, vis Fraction A, has been found to contam 
a similarly high molecular soluble antigen that in many respects resembled 
Fraction RS obtamed from the nckettsiae themselves It is not unlikely 
that this material arises from organisms disintegratmg during their cultiva- 
tion in the growmg embryo The lipids (possibly carried over from the 
culture medium) and the nucleic acid were devoid of specific serological 
activity 

Very httle can be said at present about the chemical constitution of the 
antigenic fractions of nckettsiae They obviously are nch m mtrogenous 
substances and m carbohydrates and may best be regarded as high molec- 
ular carbohydrate-protem complexes, some antigemc groups of which are 
resistant to tryptic digestion It should be pointed out that about three- 
quarters of the total contents of purified nckettsiae was accounted for as 
two distmct antigemc fractions, in addition to lipids and nucleic acid, but 
the study of the chemical architecture of these substances will have to await 
the accumulation of more material 

The authors take pleasure in acknowledgmg their indebtedness to Colonel 
H Plotz and his associates of the Divnsion of Virus and Rickettsial Diseases, 
Army Medical School, Washmgton, D C , without w'hose help this work 
could not have been earned out Thej’’ are grateful to Dr D H Moore of 
this College for the ultracentrifuge and electrophoretic separation expen- 
ments 


SUMMARY 

Formohzed preparations of Rickettsia prowazeki, obtamed from the yolk 
sac of the developmg chick embryo, and the wash fluids of these prepara- 
tions were subjected to fractionation procedures which peimitted the isola- 
tion of typhus-specific antigemc substances Some of the chetmcal, im- 
munological, and protective properties of these fi actions, which were high 
molecular carbohydrate-protein complexes, are discussed The isolation of 
nucleic acid and lipid fractions is likewise recorded 

BIBLIOGRAPHY 

1 Cox, WR.Pub Health Rep ,U S P H S ,53,22il (1938) 

2 Castaneda, M R , and Zia, S , J Exp Med , 68, 55 (1933) 

3 Castaneda, MR,/ Exp Med , 60, 119 (1934) 

4 Castaneda, MR,/ Exp Med , 64, 701 (1936) 

5 Gildemeister, E , and Haagen, E , Deut tried Wochschr , 66, 878 (1940) 

6 Otto, R , and Wohlrab, R , in Gildemeister, E , Haagen, E , and Waldmann, < 

Handbuch der Viniskrankheiten, Jena, 2, 528 (1939) 



704 


COMPOSITION OF EICKETTSIA PHOWAZEKI 


7 Virus and nckettsial diseases, Cambridge, 789, 817, 828, 872 (1940) 

8 Pinkerton, H , Bad Rev , 6, 37 (1942) 

9 Felix, A , Bril Med J , 2, 597 (1942) 

10 Biraud, Y , Bull Health Org , League of Nations, 10, 1 (1943) 

11 Plotz, H , Science, 97, 20 (1943) 

12 Northrop, J H , andKunitz.M ,7 Gen P/ij/siol , 7, 729 (1924r-25) 

13 Tillmans, J , and Philippi, K , Btochem Z , 216, 36 (1929) 

14 Sorensen, M , and Haugaard, G , Biochem Z , 260, 247 (1933) 

15 Hagedom, H C , and Jensen, B N , Btochem Z , 136, 46 (1923) , 137, 92 (1923) 

16 Palmer, J W , Smyth, E M , and Meyer, K , J Biol Chem , 119, 491 (1937) 



THE P/VRTITIOX OF URIXARY NITROGEN AFTER THE 
OR^VL ADMINISTRATION OF GLUTVMIC ACID 
PYRROLIDONEC VRBOXYLIC ACID, PROLINE ’ 

AND HYDROXYPROLINE TO RABBITS 

Bt SVEND PEDEUSE\ and HOWARD B LEWIS 

{From the Department of Biological Chemistry, Medical School, University of Michigan, 

Ann Ar6or) 


(Received for publication, I\Iny 23, 1944) 

Studies of the metabolism iii vivo of prolme and hydrox 3 rprolme and of 
the related pyrrolidonecarboxylic acid are not numerous Many earlier re- 
searches m which attempts were made to demonstrate relationships be- 
t« een these compounds and glutamic acid and ormthme are not convincmg 
because of the fact that the rat grow tli procedure used at that time has now 
been shown to be inadequate More recent experiments on the gro\vth of 
young white rats have led to the belief that none of these amino acids is an 
essential component of the diet' (1) Prolme (3, 4) and hydroxyprolme (4) 
are stated to give rise to essentially the same amounts of extra glucose of the 
urine when admmistered to phlorhizinized dogs 

The metabolism of pyrrolidonecarboxylic acid, the lactam of glutamic 
acid, has been investigated more frequently and ivith confhctmg results 
(5-10) All are agreed that relatively little extra urea is excreted and that 
much of the mgested acid mav appear unchanged m the urme Any utih- 
zation presumably results from a slow transformation of pyrrohdonecar- 
boxyhe acid to glutamic acid, and the deanunation of the latter with the 
formation of urea However, m much of the work, details are lackmg and 
the methods are not entirely satisfactory The reverse reaction, the biolog- 
wal conversion of glutamic acid to pyrrohdonecarboxyhc acid, has been 
demonstrated recently (11) When isotopic d-glutamic acid was fed to a 
rat, d-pyrrohdonecarboxyhc acid was isolated from the urme Evidence of 
the biological mterconversion of prolme, hydroxyprolme, ormthme, and 
glutamic acid has also been obtamed in experiments wnth isotopic prolme 
and a scheme of possible reactions has been presented (12) 

In connection with an mvestigation of urea formation m the intact or- 
ganism of the rabbit after admmistration of a considerable number of 


In a more recent discussion (2), neither the prohnes nor glutamic acid is included 
among the seventeen ammo acids which “have been defimtely classified with respect 
0 their growth significance," i e as essential or as dispensable components of the food 
Q the young white rat, although in earlier compilations these three ammo acids have 
been hated as dispensable (1) 
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natuially occurring ammo acids, w e have made a comparative study of the 
evcietion of urmary nitrogen after prolme, hydroxyprohne, glutamic acid, 
and pyrrohdonecarboxylic acid have been fed We have observed a 
marked difference m the ability of the animals to metabolize prolme and 
hydroxyprohne The mtrogen of the former ammo acid is excreted cluefly 
as extia urea nitrogen, which is m contrast to the small amounts of extra 
urea nitrogen excreted after the administration of hydroxyprohne This 
difference m the ease with which the two prohnes are utihzed has some 
parallels m in vitro experiments mth tissue slices, as inll be discussed 

EXPERIMENTAL 

Source and Puniy of Compounds Fed — Z-Piohne and f-hydroxyprolme, 
products of the hydrolysis of gelatm, were lecened from the Department 
of Chemistry of the University of Ulmois The f-glutamic acid, prepaied 
m this laboiatory by the hydrolysis of wheat flour, gave no test for either 
chlonde or ammoma Pyrrohdonecarboxylic acid was made from glutamic 
acid essentially by the procedure descnbed by Abderhalden and ICautzscli 
(13) Analyses for mtiogen (macro-Kjeldahl) showed that all the com- 
pounds nere of satisfactory punty In addition, the two preparations of 
the pyirolidonecarboxylic acid used were tested for ammo nitrogen by the 
gasometnc method of Van Slyke No ammo mtiogen could be detected in 
one preparation, while the second contamed 0 09 per cent (equivalent to 
0 86 per cent of the total mtrogen) This acid was also titrated mth 
standard alkah, three diffeient indicators being used with satisfactoiy re 
suits 

Determination of Urinary Constituents — Total mtrogen was determined 
by the usual modified Kjeldahl maciomethod, urea nitrogen by the urease 
method of Van Slyke and Cullen, the ammoma bemg deternuned by the 
usual aeration-titrimetnc procedure Urease was prepared by glycerol ex- 
traction of jack bean meed, as described by Koch (14) The partition o 
urmary sulfur was made by the usual gravimetric methods (Denis Benedic , 

Fohn) Creatimne was estimated by the miciomethod of Fohn 

A shght modification of the method proposed by Danielson (15) for t e 
deteimmation of ammo nitrogen m blood was employed for the unne 
analysis Ahquots of urme (usually 10 to 20 ml ) were treated m 
mutit to remove ammoma and the supernatant fluids were ec 
through glass wool mto 100 ml volumetnc flasks The urines were 
made defimtely alkahne (phenolphthalem) with 0 1 n sodium y 
and the contents of the flask weie diluted to volume The solu lon^ 
centrifuged to remove phosphates which would otherwise have cau^e 
bidity m the coloiimetnc determmatxon Aliquots (usually ’ 7' j 
14 ml ) of the centrifugates were pipetted mto 25 ml volumetnc 
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the color with the naphthoquinoncsulfonic acid reagent was developed as 
described by Danielson Standards of higher concentiation than 0 1 mg 
of ammo nitrogen \\ero not used, since satisfactory proportionality be- 
tween standards of 0 1, 0 2, and 0 3 mg was not always observed Differ- 
ent amounts of centrifugate (frequently si\ aliquots) were used instead in 
order to secure re idings of the unknowns comparable to that of the stand- 
ard 

A standard of glutamic acid rather than the nuxed glycme-glutamic acid 
standard recommended by Danielson was employed, smee the color de- 
veloped by this standard corresponded more closely to those developed by 
the unnes Prohne, as pointed out by Folm (16), gives somewhat more 
color in the reaction than an equimolar solution of glutamic acid The 
urmary values reported m the present study m which prohne was fed must 
therefore represent maximal values, smee no correction for the greater color 
mtensity of the reaction with prohne was made Folm did not study the 
behavior of hydroxyprohne in this colorimetric procedure We have ob- 
sen ed that, with hj droxyprolme, a yellow-brown color distmct from that 
given by any of the other ammo acids tested develops rapidly after the ad- 
dition of the naphthoqumonesulfomc acid reagent - Such a prompt de- 
velopment of the color was always obtamed m the ammo determmations 
with unnes from the experimental periods m which hydroxyprohne had been 
fed and is quahtative evidence of the excretion of hydroxyprolme, evidence 
which IS confirmed by the quantitative data obtamed Because of this 
anomalous behavior of hydroxyprohne, this ammo acid, rather than glu- 
tamic acid, was used as a standard m those periods m which hydroxyprolme 
was admmistered Pyrrohdonecarboxyhc acid gave no color m the re- 
action with the naphthoqumonesulfomc acid reagent 

Conduct of Animal Experiments — Quantitative 24 hour specimens of 
urme were collected from adult male rabbits, fed a commercial rabbit chow 
m amounts sufficient to mamtam their body weight The ammo acids, m 
amounts equivalent to 0 286 gm of nitrogen per day, c p 3 gm of glutamic 
acid daily, were fed m aqueous solution through a stomach tube over 
penods of 2 or 3 days, as shown m Table I 

In some cases the total period of observation extended over 5 months or 
more (e g , with Rabbit 5, twelve feedmg penods were employed) and the 

* After the present study was completed. Frame, Russell, and Wilhelmi (17) 
reported a similar rapid development of color in the reaction of both the prolines with 
the naphthoqumonesulfomc acid reagent Contrary to the observations of Fo in 
and of ourselves, they noted that both proline and hydroxyprolme gave less color 
(45 and 51 per cent respectively) than either glycine, glutamic acid, or the mixed 
standard containing an equimolar mixture of these They employed, however, a 
modified procedure in which color development vas obtained by heating the so ution 
in a boiling water bath for 10 minutes 
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level of nitrogenous metabolism tended to change somewhat over this pro 
longed peiiod For this reason, the calculations of extra nitrogen for each 
experimental period are based on the averages of the two control periods of 
3 days each immediately preceding and following the experimental period 
The data of Table I represent the amounts of “extra” nitrogen excreted 
after the administration of the various ammo acids In addition the per 
centage of the nitrogen fed which is present in the various fractions of 

Table I 

Recovery of Extra Urinary Nitrogen after Oral Administration of Glutamic iad [GA), 
Pyrrolidonecarboxylic Acid (PCA), Proline (P), and Hydroxyprohne {BP) 


The compounds were fed over 2 or 3 day periods m amounts equivalent to 0 286 
gm of N per day Percentage of recovery is calculated as the percentage of N ad 
ministered recovered as extra N in the various fractions 


Rabbit 

No 

Period 

N fed as 

Eitra N of unne 

Total 

Urea 

Ammo acid 

I Undetcrauned 


days 




per 

cent 

ttn 

PtT 

cent 


PtT 

cent 

{tn 

per 

cent 

5 

3 

GA 

E 




52 

0 

56 

65 


0 

-0 14 



3 


E 




92 

0 

78 

91 

0 

0 

0 

0 


2 

« 

0 




83 

0 

34 

60 

0 

0 

0 

0 


3 

PCA 

0 



70 

81 

0 

46 

54 

0 

0 

0 26 

30 


2 

it 

0 



37 

65 

0 

36 

63 

0 

0 

0 

0 


2 

« 

0 



27 

47 

0 

12 

21 

0 

0 

0 15 

26 


2 

p 

0 



39 

68 

0 

35 

61 

0 058 

10 

0 

0 


2 

HP 

0 



55 

96 

0 

35 

60 

0 193 

34 




2 


0 



27 

47 

-0 

07 


0 219 

38 

0 09 

16 

6 

3 

GA 

0 



88 

102 

1 

04 

118 

0 

0 

0 

0 


3 

PCA 

0 

86 


46 

53 

0 

36 

42 

0 

0 

0 10 

12 


3 

tt 

0 

86 

0 

43 

50 

0 

33 

38 

0 

0 

0 13 

15 


2 

it 

0 

57 

0 

38 

66 

0 

30 

53 

0 

0 

0 12 

21 


2 

P 

0 

57 

0 

46 

81 

0 

50 

88 

0 033 

6 

0 



2 

HP 

0 


la 

53 

93 

0 

01 

0 

0 121 

21 

0 39 



2 

(( 

0 

57 

0 

12 

21 

-0 

16 



m 

0 



urmary nitrogen as extra mtrogen is given Undetermmed nitrogen is ca 
culated as the difference between the total nitrogen and the 
When the excretion of ammo nitrogen is gieat enough to be signiflcan 
on certam of the experimental days), this is added to the urea nitrogen ^ 
fore subtiaction from the total nitrogen to obtain the undeternune m r 

Four feedmg experiments were carried out with glutanuc 
pyrrolidonecarboxylic acid, three with piolme, and five wit J , g 
prolme The data fiom experiments with two of the four anima 
presented m Table I 
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i-GlutADuc acid appeared to be rapidly deaminized and m none of the 
experiments was there any significant mcrease m either unnary ammo acid 
or undetemuned nitrogen Strikmg mcreases m urea nitrogen indicated a 
ready deammation of the glutamic acid and an excretion of the mtrogen as 
urea nitrogen In contrast to the metabolic behavior of glutamic acid was 
that of its lactam, pyrrolidonecarboxylic acid In the experiments m which 
this substance was fed, a considerable proportion of the mtrogen adminis- 
tered appeared m the urme as extra undetermmed mtrogen and much 
smaller amounts as urea In no case was there observed an mcrease m the 
ammo acid nitrogen of the urme The marked mcrease m undetermmed 
nitrogen was observ ed m six of the seven experiments Contrary to the ob- 
servations of previous mvestigators, no toxicity was observed m any of the 
experiments wth pyrrohdonecarboxyhc acid 
It will be recalled that pyrrohdonecarboxyhc acid does not react with the 
naphthoqumonesulfomc acid reagent of Folm, but that after acid hydroly- 
sis, glutaimo acid is formed which does react with the reagent Control 
expenments with urmes to which pyrrohdonecarboxyhc and glutamic acids 
were added showed that the greater part of the mtrogen of pyrrohdone- 
carboxyho acid could be recovered as ammo acid mtrogen after hydrolysis, 
while there was essentially no change m ammo acid mtrogen after hydrol- 
ysis of urmes to which glutaimc acid had been added Aliquots of the ex- 
perimental urmes after pyrrohdonecarboxyhc acid feedmg were boded for 
2 hours with concentrated hydrochloric acid, partially decolorized with 
Lloyd’s reagent, and the ammoma removed by permutit When the ammo 
acid detennmation was earned out on ahquots thus treated, there was ob- 
served a very considerable mcrease m the ammo acid mtrogen as compared 
With that of the unhydrolyzed urme This is evidence of the excretion of 
Unchanged pyrrohdonecarboxyhc acid m the urme Smee the amount of 
acid fed was small, no isolation studies were attempted 
Stekol and Schimdt (7) observed a shght decrease m urmary morgamc 
sulfates after the a dminis tration of pyrrohdonecarboxyhc acid to dogs and 
suggested that the acid was conjugated with sulfuric acid and excreted m 
conjugated form m the bde In a later study (8), analyses of the bde of 
rats fed pyrrohdonecarboxyhc acid afforded no evidence m support of this hy- 
pothesis We have earned out two expenments with rabbits m which 
Pyrrohdonecarboxyhc acid (as the sodium salt) was mjected subcutaneously 
ui amounts equivalent to 0 259 and 0 283 gm of nitrogen respectively 
There was no evidence of a change m the distnbution of sulfur of the urme 
For example, m one experiment, the morgamc sulfate sulfur excretions were 
174, 164, and 160 mg on the fore and after days and 167 mg on the expen- 
mental day The correspondmg values for ethereal sulfate sulfur were 14, 
15, and 15 mg , and 13 mg , respectively These two expenments do not 
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indicate that conjugation with sulfuhc acid is a factor in the utilization of 
pyrrolidonecarboxyhc acid by the rabbit 
Marked differences were observed m the partition of unnary nitrogen 
after feeding prohne and hydroxypiolme After administration of prolme, 
a considerable proportion of the mtrogen was excreted as extra urea mtro- 
gen and the mcreases m ammo acid mtrogen were small (10 and 6 per cent 
of the mtrogen fed, in Table I) After hydroxyprohne, on the other hand, 
little extra urea mtrogen appeared in the urme (none m three of the four 
experiments m Table I) and the mcreased ammo acid mtrogen was eqmva- 
lent to from 21 to 38 per cent of the mtrogen fed Moreover, the rapid and 
characteristic development of the color with the naphthoqumonesulfonic 
acid reagent suggested strongly the presence of unchanged hydroxyprohne 
m the urme We have, m a series of comparable unpublished experiments 
in this laboratory, studied the partition of the extra unnary nitrogen after 
the oral administration of a considerable number of ammo acids and have 
never observed m any other series so great an excretion of extra ammo acid 
mtrogen or so striking an absence of mcreased urea excretion m the urine 
We have also carried out experiments similar to those descnbed but 
differmg m that the ammo acids were mjected subcutaneously on smgle 
days rather than fed over 2 or 3 day periods The results have been some 
what difficult to mterpret, since the total and urea mtrogens were not as um- 
form as was desired and m some cases the total mtrogen excreted exceeded 
the amount mjected The changes m ammo acid and undetennmed mtro- 
gen seem significant As far as these two fractions of the urmary mtrogen 
are concerned, the changes observed after the mjection of prohne and hy- 
droxyprotme were comparable to those obtamed after oial admmistration of 


these ammo acids 

A difference m the utilization of prolme and hydroxyprohne tn inlro has 
been demonstrated by Berrdieim and Bemheun (18), who observed m ex- 
periments with imnced rat liver that the rate of oxygen uptake was muc 
slower with hydroxyprolme than with prolme In similar experiments 
with “restmg” BacMus •proteus, prolme was oxidized readily, while wth y 
droxyprolme the oxidation was so slow that no defimte oxygen uptake cou 
be demonstrated (19) In experiments with kidney slices, Wed-Malher e 
and Krebs (20) found that although both prolme and hydroxyproline,^m 
the presence of ammomum salts and oxygen, gave nse to an acid ami e, 
presumably glutamme,’ prolme was oxidized under aerobic conditions mor^ 
rapidly than was hydroxyprolme Moreover, when the kidney slicK 
treated with arsemous oxide, the dmitrophenylhydrazone of a k^og “ 
acid could be isolated as a product of the metabolism of prolme o s 


’ Glutamine reacts with the /3 naphthoquinonesulfomc acid ^ 

nearly theoretical values when compared with a glutamic acid atan ar 
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hydrazone could be obtained with hydro\yproline Neber (21) has iso- 
1 ited glutamic acid from sj stems contamiiig proline and kidney shces A 
notable mcreasc in unmo aeid nitrogen was observed ivith prohne and 
significantly less amino acid nitrogen in the one experiment ivith hydroxy - 
prohne recorded 

In studies of ketogeiicsis m which rit liver shees were used, hydroxypro- 
hne has been reported as “considerably ketogenic,” wlule the formation of 
ketone bodies m the presence of prohne was no greater than m control ex- 
penments m winch no ammo acids were added (22) 

The results of the in vilro experiments indicate that the pathw ays of metab- 
olism of prohne and hydroxyprohne arc not as yet clearly established and 
are not identical Pyrrohdonccarboxyhc acid (20, 21) and 5-hydroxy-a-aim- 
novaleric acid (21) are probably not mtermediates m the conversion of pio- 
Ime to glutannc acid Prolme may give rise to hydroxyprohne in mvo (12), 
but the reverse of this reaction is yet to be demonstrated The studies here 
reported on the distribution of unnary' nitrogen after the admmistration of 
the prolmes mdicate a much less ready urea formation from hydroxyprohne 
than from prohne and a much greater excretion of urmary ammo nitrogen, 
presumably the unchanged ammo acid, although other ammo mtrogen 
compounds are not ruled out It is our hope that it may be possible at a 
subsequent date to contmue the study of this problem in vivo 

SOMMARY 

The naturally occurrmg stereoisomers of glutannc acid, prohne, and hy- 
droxyprolme, and mactive pyrrohdonccarboxyhc acid (pyroglutamic acid) 
have been fed to rabbits and the distribution of the “extra” mtrogen ex- 
creted has been studied 

After glutamic acid feedmg, the extra nitrogen appeared chiefly m the 
urea fraction, an mdication of a ready utihzation (deammation) of the acid 
The excretion of urea nitrogen after pyrrohdonecarboxyhc acid was ir- 
regular and not extensive Much of the “extra” mtrogen appeared m the 
“undetermmed” mtrogen fraction When piolme was fed, urea mtrogen 
was considerably mcreased and slight mcreases only m the ammo acid nitro- 
gen fraction of the urme were observed Urea formation, as evidenced by 
excretion of urmary urea, occurred less readily after the oral administration 
of hydroxyprohne A considerable portion (21 to 38 per cent) of the nitro- 
gen fed as hydroxypi ohne appeared m the ui me as extra ammo acid mtrogen 

The relation of these observations to studies of the metabolism of the 
prolmes by tissue slices is discussed 
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A NEW CHICK iVNTIANEMIC FACTOR* 


Sits 

In the course of studies to improve the microbiological method of Hutch- 
mgs, Bohonos, and Peterson' for the determination of the nont eluate fac- 
tor (fohc acid), we found that liver Fraction L of Tlie Wilson Laboratories 
contained a growth essential for Lactobacillus caset e m addition to fohc 
acid This growth essential was adsorbed upon activated charcoal and 
eluted with ammomacal ethanol It was extracted from the acidified 
eluate wnth ether Treatment of the ether extract with HjOj to destroy 
fohc acid greatly mcreased the potency of the axtract 

Later the treatment of pyndoxme noth HaOs was found to give a prepa- 
ration which promoted the same growth response of Laclohacillus casei as 
did the HaOi-treated ether extract A consideration of the products which 
might be obtamed by treatmg pyndoxme with HaO* led us to beheve that 
the active agent obtamed under the experimental conditions was perhaps 
the lactone of 2-methyl-3-hydroxy-4-hydroxymethyl-5-carboxypyndme 
This compound has been s 3 mthesized by Harris, Stiller, and Folkers ® 
A quantity of the lactone, prepared accordmg to their procedure, pro- 
moted the same growth response m Lactobacillus casei as did the HaOa- 
treated pyndoxme It failed to stimulate the tyrosme decarboxylation 
by Streptococcus faecalis obtamed by Gunsalus and Bellamy^ with HaOa- 
treated pyndoxme 

Because the properties of the adsorbable, ether-extractable factor ob- 
tamed from hver Fraction L were somewhat similar to factor R of Schu- 
macher, Heuser, and Norris' and Hill, Noms, and Heuser,® studies on chicks 

* This work was supported in part by the establishment of a fellowship at Cornell 
University by the Western Condensing Company, San Francisco, Califorma 

' Hutchings, B L , Bohonos, N , and Peterson, W H , / Biol Chem , 141, 521 
(1941) 

" Hams, S A , Stiller, E T , and Folkers, K , / Am Chem Soc , 61. 1242 (1939) 

’Gunsalus,! C , and Bellamy, W D,J Bod , 47, 413 (1944) 

* Schumacher, A E , Heuser, G F , and Norns, L C , / Biol Chem , 136, 313 
(1940) 

‘ Hill, F W , Norns, L C , and Heuser, G F ,J Nutr , in press 
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were undertaken, in which, the purified diet of the latter workers was used 
Factor S of Schumacher and his associates,^ freed of factor R and an anti- 
anemic factor, was mcluded m the diet The results of the chick studies 
are presented in the table 

The results showed that HjOi-treated pyndoxme and the synthetic 
lactone promoted growth m chicks for the 1st week These growth in- 
creases were highly significant After the 1st week the growth differences 
tended to disappear because of other deficiencies 


Experi 

meat 

No 

1 

Trcatmcat ■ 

No of 
chicks ' 

^9 

Sifoificoace 
of difiet 
encc, /• 

Hemoglo> 
bin per 
100 cc-t 

SiAificxnce 

^differ 

eacc 




cm 


cm 


1 

None 

39 

56 2 


5 4 



HjOi-treated pyndoxme 

39 

61 3 

4 3 

8 7 

6 4 

2 

None 

29 

54 0 


4 1 



H,Oi treated pyndoxme 

29 

61 8 

3 4 

8 4 

6 6 


Synthetic lactone 

1 ^ 

65 1 

1 

7 9 

15 3 

1 


* When t = 3 4, the odds are 2964 1, when 1 = 43, the odds are greater than 
99,999 1 

t Determinations made at 21 days, twenty mne per lot in E\peninent 1 and 
fifteen, seven, and seventeen respectively in Evperiment 2 


The HjOs-treated pyndoxme and the lactone also significantly mcreased 
the hemoglobm content of the blood The antianemic properties of the 
lactone differentiated it from factor R, smce this factor has been shown by 
HiU and his associates® not to mcrease the hemoglobm level The lactone 

of 2-methyl-3-hydroxy-4-hydroxyiaethyl-5-carboxypyndme, therefore, pro- 
motes growth and prevents anemia m chicks 
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UTILIZATION OF ^UIINO ACID ENANTIOMORPHS BY LACTO- 
BACILLUS .MLVBINOSUS AND LACTOBACILLUS CASEI 


Sirs 


The synthetic ammo acids are available commercially only m the racemic 
form Their use as standards in ciuantitative microbiological determma- 
tions {Lactobacillus arabitiosus, Lactobacillus casei) of ammo acids m natural 
products makes it necessary to know whether the unnatural isomer is active 
for the assay organisms It has already been established that only the 
naturally occurnng enantiomorph of leucme,^ isoleucme,* vahne,' ^ trypto- 
phane,’ glutamic acid,* and lisine* is utdized by L arabinosus Likewise 
for L casei, only the I or natural form of vahne is active ® Results with 
additional ammo acids, some of whose optical isomers are not generally 
available,* are given m the accompan)ang table 
The ammo acid assay procedures which have been described were 
followed ’ The I isomer of each ammo acid was used to construct a 
standard curve from which the relative activities of the d, dl, or alio forms 
were read In the case of phenylalanme, the racemate was used as the 
standard, smee the I isomer was not available It is evident from the 
table that only the I enantiomorph of threonme and methionme is utihzed 
by L arabinosus and the same is true for L casei ivith phenylalanme, 
leucine, tryptophane, argmme, and tyrosme, smee, withm experiment 
error, either the dl form was 50 per cent as potent as the I isomer or t e 
available d antipode had less than 03 per cent the activity of the latter 
Therefore, only the naturaUy occurnng enantiomorph of the ammo acids 
so far exammed by the vanous mvestigators can be metabohzed y t e 
Lactobacilli * It is noteworthy that L arabinosus resembles the ra m 
its mability to grow with the d or alio forms of threonme 


• Kmken, K A , Norman, W H , Lyman, C M , Hale, F , and Blotter, L , J 
Biol Chtm ,161,615 (1913) 

• Hegsted, D M , y Biol Chem , 162. 193 (1944) 

• Greene, R D , and Black, A , Proc Soc Exp Biol 

• Kuiken, K A , Norman, W H , Lyman, C M , and Hale, F , Science, 98, 266 
(1943) 

‘ McMahan, J R , and Snell, E E , ^ Btol Chem , 162, ^ 

• We are greatly indebted to Dr W C Rose and Dr Made 
Umversity of Illinois for the dl-argimne, d(+)-phenylalanine, (+)- 
methionine, and d(-l-)-tyro3ine, and to Dr E E Ho^ve of the Researc 
for obtaining these compounds for us 

’ Shankman. S , Dunn, M S , and Rubin, LB./ Biol Chem , ISO. 477 (1944), 

• Hegsted and Wardwell (J Btol Chem ,163, 167 (1944)) have 
that an apparently pure sample of (i(+)-leucine was slightly ao ive o 

• West, H D , and Carter, HE,/ Btol Chem , 122, 611 (1938) 
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* Calculated on the basis that the d isomer is inactive 

Although the Lactobacilli are less versatile than animals with respect 
to the utihzatioii of d-anuno acids, “ other microorganisms can synthesize 
d-amino acids, oxidatively deammate them,*“ or use them as a source of 
mtrogen for growth ” 
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THE ANTAGONISTIC EFFECT OF PHOSPHOLIPIDS ON 
THE ANTIB VCTERIAL VCTION OF PROPAMIDINE 

Sirs 

Snell* in a recent communication has shown that bactenostasis produced 
by propamidine (4,4'-diamidmodipheno\ypropane), a drug shown to be 
effective in the local chemotherapy of wounds and burns,- can be lessened 
or completely reversed by the addition of certam polyamines In work 
carried out m this laboratory it has been found that both the inhibitory and 
“kiUmg” action of propamidine can be reversed by certain phosphohpids, 

Table I 


Antagonislic Effect of Soya Lecithin on “Killing” Action of Propamidine on 
Staphylococcus aureus 


Tuzie of exposure 

ConcenUxtua of leatlun, mg per cc 


75 

SO 

25 

0 

1 

+ 

-h 

0 

0 

2 

+ 

0 

0 

0 

3 

+ 

0 

0 

0 

4 

+ 

0 

0 

0 

5 

+ 

0 

0 

0 

7 

+ 

0 

0 

0 


0, no growth m subculture, -b, growth in subculture 


which have been shown by Baker, Harnson, and Mdler^ to prevent the 
inhibition of bacterial metabolism of synthetic amomc and catiomc 
detergents 

In studies in connection with the prevention of the kUhng effect, 1 5 cc 
of the lecithm suspension in phosphate buffer at pH 7 4 and 0 5 cc of a 
propamidme* solution (10 mg ) were moculated with 0 2 cc of a 20 hour 
broth culture of Staphylococcus aureus and subcultures made penodically, 
as mdicated m Table I Subcultunng techmque was used to ehmmate 
bactenostasis Throughout the experiment the medication tubes were 
mamtamed at 37 0°±0 1° 

* Snell, E , J Biol Ckeni , 162, 475 (1944) Thrower, W R , and Valentine, 
F C 0 , Lancet, 1, 133 (1943) 

* Mclndoe, A H , and Tilley, A R , Lancet, 1, 136 (1943) 

* Baker, Z , Harrison, R W , and Miller, B F , / Exp Med , 74, 621 (1941) 

* The propamidine used in these eAperiments was in the form of the dihydrochlo- 
ride salt and was synthesized in these laboratories by the general method of Ashley 

al (J Chem Soc , 103 (1942)) 


717 














718 


LETTERS TO THE EDITORS 


In demonstrating reversal of inhibition (Table II), 1 0 cc of the lecithin 
suspension and 1 0 cc of propamidine solution of the concentration neces- 
sary to furnish the final concentration mdicated were added to sterile plates 
along with 18 cc of agar After solidification the plates were streaked with 
two loops of a 20 hour broth culture of the organism Plates were read after 
48 hours mcubation Smnlar antagonisms have been demonstrated with egg 
lecithm (Merck) The antibacterial actions against the Gram-negative 
orgamsm, Eschenchta coli, may similarly be reversed 

Table II 


Anlagonisiic Egect of Soya Lecithin, on Inhibitory Action of Propamidine on 
Staphylococcus aureus 


Soya lecithini mg I 

1 

(Mg propam>dme)/(20 cc agar) 

0^ 

10 1 

2^ 

0 

0 

0 

0 

10 

"h 1 

0 

0 

20 

++ 1 

0 

0 

40 

+++ 


0 

60 


-H— b 

0 

so 

++-t- 

-l-b+ 

++ 

100 

+-l"t- 

+++ 

+++ 


0, complete inhibition, +, nearly complete inhibition, +-f, slight inhibition, 
-+■-1-+, no inhibition, growth = control 


The results of these experiments demonstrate that the phosphohpids 
used are completely capable of protectmg the organisms studied against 
the inhibitory and the kilhng action of propanudme The quantitative 
nature of the relation between the phosphohpid and propamidine concen 
tration is demonstrated m Table II 
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THE ROLE OF P.LNTOTHEjMC ACID IN THE SYNTHESIS 
OF TRYTTOPHANE* 


Pantothenic acid has been known to function as a growth vitamin for 
several bacteria ‘ The biochemical natuic of this function is not known 
In the course of a study on the growth lequirements of various toxigenic 
strains of Staphylococcus aureus, it was observed that certam strams 
(B-523S and B-523C) required the addition of tryptophane to a tryptophane- 
free basal medium, consisting of vitamm-free casern hydrolysate or of a 

1 Turbidity readings 


0 ^1 

Casein hydrolysate p 07 

+ pantothenate 1 7 per ml ^ gg 

+ glucose, 0 5% 27 90 

+ glucose + pantothenate (as above) ^ ^2 

Synthetic medium q ^ 

+ pantothenate 1 7 per ml 0 6® 

+ glucose, 0 5% 58 

+ glucose + pantothenate 

ferrous anmion.um sulfate + 3 3 X 10-‘ M magnesium sulfate + 1 7 per ml of medium 
each of thiamine chloride and nicotonamide . . j 11 n,. onnititnents as 

Synthetic Medium-ln the synthetic medium were f ‘^VvTm Ire Tf 

above, except>that 1 per cent casern hydrolysate was "Jt.c ac.^ 

ammo acids alanine, valine, leucine, glycine, proline, o\jp . , 
glutamic acid, methionine, phenylalanine, tyrosine, hydroc on 

lysine, threonine, and isoleucine t w nnntains 1 X lO"* u added 

* Series A contains no added tryptophane, Sene 
tryptophane 

mixture of ammo acids with or without glucose RAoflavm, 

tbamme, Lactobacillus casei factoi, biotm, and pyn ^^Ivith or ivith- 
madequate to support gioivth m the absence of top op ane . 

out glucose On the other hand pantothenic acid 
the table) m the tryptophane-free medium in the presence of glucose hut 

• The present study was conducted under gi ants from the Josiah Macy , Jr , Fou 

„ j «T 1 r H Advances in enzymology 

^ Williams, R J , m Nord, F F , and Werkman, j 

and related subjects, Ne^\ York, 3, 253 (1943) 
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m tts absence (the observation penod of growth from 2 to 7 dajs) It is 
concluded that pantothemc acid mediates the metabohsm of glucose lead- 
ing to or involved m the sjTithesis of trs^ptophane and thereby of the growth 
of staphylococci These staphylococcal strains appear therefore to be in- 
capable of the synthesis of pantothemc acid and therebj'' of tij'ptophane 
It has been previously demonstrated that staphylococci oxidize trjpto- 
phane to arylammes of unknown constitution - In this connection it was 
observed that upon the addition of pantothemc acid arylammes were formed 
in a basal medium contammg glucose The controls under sunilar condi- 
tions showed neither growth nor arjlamme formation It is also to be 
noted that sulfonanudes mfluence the metabohsm of tijiitophane by 
Staphylococcus aureus ^ Pantothemc acid alone, or m combmation with 
nboflavm, completely or partiallj abolished the inhibitorj action of sul- 
fonamides ^ This findmg is mterpreted as additional evidence for the 
synthesis of tryptophane imder the influence of pantothemc acid 

Department of Bacteriology M G Setao 

School of ilediane Morbis N Ghees 

University of Pennsylvania 
Philadelphia 
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THE HOLE OF CRT ST VLLINE VITAMIX B, IX THE NUTRITION 

or THE CHICK 


Sirs 

We h'we rcpoited' that, when the crystalhne Be \atainin is incorporated 
m the basal chick lation, it has a positi\e influence on growth (body 
weight and feathering) and on the blood cell components 

In order to clrcum^ ent, in part at least, the possible influence that vita- 
min Be may have on the synthesis of other factors by the intestinal bac- 
terial flora (winch Bnggs el al - refer to as a source of additive factors 
Bio and Bn) some of the same lot of the puie Mtarmn Be crystals was 
gi\en for 4 weeks, both orally and subcutaneously, as supplement to the 
basal ration The data for the two groups and the controls are given in 
the accompanying table 


Group 

Vitamm 

No of chicks 

Body 

Red 

blood 

celU 

Hcma 

Hb 

Leu CO 

Thiombo* 

chick 
per day 

Started 

SUT 

vivmg 

weight 

toent 

cytes 



7 

■ 


ttn 


xot ptr 
cent 

gm Per 
unt 

per 
c mm 

per 
c mm 

Basal Bo-free ration 

None 


15 

89 

0 70 

11 3 

3 38* 

8,460 

14,690 

Normal broiler ration 



20 


2 27 

31 2 

7 74 

29,935 

31,180 

Crystalline Bj, No 

1 

13 

9 

|R| 

1 46 

22 1 


17,900 

30,300 

37933 (from yeast) 

4 

13 

8 

157 

1 63 

24 4 

6 33 

15,900 

29,380 

given by pipette 


9 

7 

191 

2 25 


8 77 

19,910 

y4|430 

Crystalline B,, No 


11 

9 

122 

1 59 

24 7 

6 44 

8,420 

23,620 

37933 (from yeast) 


11 

9 

173 


28 6 

7 95 

23,210 

36,100 

injected subcu- 
taneously 

20 

6 

6 

214 


33 8 

8 49 

25,730 

35, 13U 


• Five chicks for this group 


The evidence shows that when the vitamm is given parenterally it h^ 
the same biological effect on the chick as it does when given orally (by 
pipette or m the ration^ This finding tends to suggest that the mtestmal 
flora IS very probably not mfluenced, directly at least, by the vitamin an 
that the effect on giowth (both weight and feathering) and blood cell 
components is due to the \ntamm B. per se This does not preclude the 
fact, however, that the digestive juices may sene as mtermediary agents 
and carry some factor into the intestinal ti act If other unknoivn etary 

‘ Campbell, C J , Brown, R A , and Emmett, A D , J Biol Chem , 162, 4S3 
(1944) 

> Briggs, G M , Jr , Luckey, T D , Elvehjem. C A and Hart E B J Biol 
Chem , 148, 163 (1943) , 163, 423 (1944) 
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factor or factors are necessary for growth then, m order to demonstrate 
their existence, suboptimum rather than ontimum levels of vitamin B 
miist be present in the ration 
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REVERSIBILITY OF THE PHOSPHOROCLASTIC SPLIT OF 

PYRUVATE 


Sirs 


The “hydroclastic” split hereby pyruvic acid is spht into formic and 
acetic acids is a common reaction m certam bactena Recently it has 
been shown by use of Esclicrichta cell* that this reaction is really a phos- 
phoroclastic split ivith acetyl phosphate and formic acid ansmg from 
pynivnc acid 


CH.COCOOH + H,PO.;= CH,COO(POiHj) + HCOOH 
Pyruvic acid acetyl phosphate formic acid 


Acetic acid is formed by the dephosphorylation of acetyl phosphate 
Wth the aid of C** as a tracer, it has now been possible to show the 
reversibility of the phosphoroclastic reaction An enzyme preparation 
obtamed by gnnding Eschenchta colt with powdered glass was incubated 
with formic acid contaimng an excess of C*’ and with pyruvic acid con- 
taining normal amounts of C‘^ At the end of 60 rmnutes, the unchanged 


Reveratbiltli/ of Phoaphoroclasbc Reac'ton in Eachenchut colt 


Products 

£xcc&& O’ atoms per cent 

CO. 

0 06 

COOH of pyruvic acid 

0 SO 

HCOOH (contained 1 79% excess C‘>) 

0 79 


pyruvic acid contamed a considerable excess of C’’ m the carboxyl group 
The C“ in the carboxyl group and in the residual forimc acid were approx- 
imately equal, showing that an equihbrium has been reached Since the 
formic acid was not in equihbnum with CO2 as evidenced by the very small 
excess of O'’ in the CO-, C“ did not enter into the pyruvic acid by means of 
a combination of CO2 and some other compound 

The pyruvic acid was degraded with cenc sulfate m the cold after the 
volatile acids had been removed by steam distillation 
Reversibihty of the phosphoioclastic reaction provides another pathway 
whereby C'’02 can become integrated mto orgamc molecules Previously 
such fixation has been assumed to take place only by means of umon of a 
3-carbon compound and CO2 * CO2 is normally in equihbnum with fornuc 
acid in Eschenchta colt, although this is not the case m this enzyme prepara- 
tion If fornuc acid is in equilibnum with both p3mivic acid and CO«, 
C‘^02 can be fixed in the carboxyl group of pyruvic acid and the latter 

* Utter, M F , and Werkman, C H , Arcfi Biochem , 2, 491 (1943) 

’ Wood, H G , and Werkman, C H , Biochem J ,3i, 7 (1940) 
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compound can undergo further transformations With whole cells of 
Escherichia coli such a reaction actually occurs Although the phospho- 
roclastic reaction is hunted to a relatively small number of bacterial spe- 
cies, the reaction is simdar to other reactions in which acetic acid and 
CO2 are formed from pyruvic acid and it is possible that these reactions 
may prove reversible also 
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IvETO ACID FORaUTION- THROUGH THE REVERSAL OF THE 
PHOSPHOROCL^STIC REACTION* 

Sirs 

The o^dation-reductiou potential of the system, (pyruvate-water)/ 
(acetate-COrH,), is about 0 3 ^olt negative to the hydrogen potential 
( 4 0 , 15 kilocalories) Consequently the release of hydrogen and car- 
bon dioxide from pyruvate hydrate occurs with great energy loss and is 
^entially irreversible The finding, however, of acetyl phosphate as the 
dehy^ogenation product of pyruvate* changed the aspect of irreversibihty 
of dehydrogenative decarboxylation Through the substitution of phos- 
phate for w'ater a migration of more than 12 kilocalories into the carboxyl 
phosphate bond is effected This reduces the external energy loss from 
to less than 3 kilocalories Therefore, the phosphoroclastic system, 
(P}Tuvate-pho3phate)/ (acetyl phosphate-COj-Hj), becomes essentially re- 
versible 

The findmg of Utter and Werkman* that m extracts of Escherichia cob 
acetyl phosphate and formate are formed from p 3 Tuvate offered a very 
simple reaction system to test for reversibihty The energy equa\ alence 
of formic acid with a mixture of molecular hydrogen and carbon dioxide 
niade the results with this system automatically transferable to the more 
comphcated hydrogenative carboxylation of acetyl phosphate with molec- 
ular hydrogen or suitable hydrogen donor 
The bacteriological material was kmdly supphed by Professor Werkman 
Extracts of Escherichia coli were mcubated anaerobically with acetyl 
phosphate and formate Sodium fluoride (0 03 m) was added to delay 
rapid enzymatic spht of acetyl phosphate To determme the small 
amounts of keto acid which appeared onmcubation the sensitive colorimet- 
ric method of Friedemann and Haugen’ was used in the modification spe- 
cific for pyruvate 

A typical experiment is shown in the accompanying table Apparently 
a gradual decomposition of acetyl phosphate, after an imtial rise, causes 
the keto acid level latei to fall parallel ivith acetyl phosphate disappear- 
ance On the other hand, acetyl phosphate ivithout formate did not give 
nse to keto acid When pyruvate was added at the start in shght excess 
of the equilibrium concentration, the keto acid concentration leveled off 

* This work was aided by a grant of the Commonwealth Fund 
Lipmann, F , J Biol Chem , 134, 463 (1940) 

' Utter, M F , and Werkman, C H , Arch Btochem , 2, 491 (1943) 

• Friedemann, T E , and Haugen, G E , J Biol Chem , 147, 415 (1943) 
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Incubation tune 

Fonnate 

Acetyl phosphate 

Pyruvate 

mm 

tntcromoJes per ml 

1 micromoles per ml j 

mteromoU ptr ml 

0 

150 

so 

0 03 

25 

150 

1 38 

0 17 

60 

150 j 

1 24 

0 14 

60 


i 24 

0 03 

150 

150 j 

1 2 1 

0 07 


at equilibrium level only with fonnate aiid acetyl phosphate present 
These experiments allow an approximation of the equihbnum constant, 
amounting to about 10~- for the rei erse phosphoroclastic reaction 
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Fatty acld(s) Milk fat, human, Baldwin 
and LongcnccKcr , 255 

Oxidation, liver, adenosine iioljphos 
phates, relation, Lchningcr, 300 
Synthesis, acetic acid utilization, Rtt 
lenberg and Bloch, 311 

Volatile, blood, determination, micro , 
McClendon, 357 

Fibroin Silk, hydroljsis, aromatic aul 
fonic acids, use. Stem, Moore, and 
Bergmann, 191 

Fluorobenzenc p Fluorophcnylniercap 
tune acid metabolic fonnation from, 
Vounj and Zharskg, 3S9 

Fluorophenylmercapturlc acid p , meta- 
bolic formation, fluorobcnzene rela- 
tion, Young and Zbarakg, 3S9 
FoodstuSfs) Leucine determination, 
iVcurospora mutant, use, Ryan and 


Brand, IGl 

Formaldehyde Collagen , reaction. 
Theta, 87 

Protein , reaction. Theta, 87 

Theta and Lama, 99 


Wool , reaction, Theta and Lama, 99 
G 

Gas Tissue, metabolism, determination 
tn eilro, high oxygen pressure, appa 
ratus, Sladte and Rigga, 669 

Gastrocnemius Muscle, creatine, 
dietary choline effect, Roberta and 
Eckaletn, 377 

Gluconic acid 5 Keto d , determina 
tion, Mihtzer, 325 

Glucose Maltose mixtures, sugar de 
termination, micro , Morrta, 561 
Glucoslde(s) Methyl, substituted, cop 
per complexes, optical activity, 
Reevea, 49 

Glutamic acid Urine nitrogen partition, 
administration effect, Pederaen and 
Lewis, 705 

Glutamlnase Glutamine determination, 
Archibald, 657 

Preparation, Archibald, 657 

Glutamine Determination, enzymatic, 
Archibald, 643 

, glutaminase use, Archibald, 657 


Glycogen Corn d amylase effect, ll/orris, 

603 

Gramicidin Valylvaline, chemical con- 
stitution, Christensen, 427 

Growth Escherichia coli, atabnne, sper- 
mine, spermidine, and polyamines, 
effect, Silverman and Evans, 621 


H 


Hemln(s) Oxidations, catalyzed, iSimon, 
Horwitl, and Gerard, 421 

Histidine dl 1 Jfethyl , metabolism, Sa 
kami and Wilson, 223 

— , synthesis, Sakami and Wilson, 215 
1 Methyl , Sakami and Wilson, 

215,223 

Hydrogen peroxide Catalase-, crystal- 
line, system, temperature effect. 
Sizer, 491 

Hydroiyleuclne(s) Dakin, 549 

Hydroiyprollne Urine nitrogen parti- 
tion, administration effect, Pedersen 
and Lewis, 705 

I 

Iodide Inorganic, thyroid thyroxine and 
diiodotyrosiue formation in vitro, 
effect, Morton, Chaikoff, and Rosen 
feld, 

Iodine Biological materials, determina- 
tion, micro , chlorate digestion 
method, Shahrokh, 517 

Protein bound, blood cells, red, and 
blood plasma, McClendon and Foster, 

619 


K 

Keratin (s) Chemistry, Edwards and 
Routh, 593 

Keto aclds(s) Formation, phosphoro- 
clastic reaction, Lipmann and Tut- 
tle, ^ 

Keto-n-gluconlc acid 5 , determina 
tion, Milit.er, 525 

Ketone bodies Determination, micro-, 
Greenberg and Lester , 177 


L 

Lactobacillus arablnosus Amino acid 
enantiomorphs, utilization, Stokes 
and Gunness 715 
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Lactobacillus easel Amino acid enan- 
tiomorphs, Sloles and Gunness, 716 
Leuclne(s) Foodstuffs, determination, 
Neurospora mutant, use, Ryan and 
Brand, 161 

Hydroxy, DaLtn, 549 

-Lacking strain, Neurospora crassa 
mutant, Regnery, 151 

Protein hydrolysates, determination, 
Neurospora mutant, use, Ryan and 
Brand, 161 

Leucylpeptidase Muscle, preparation 
and action, Schwimmer, 361 

Lipid (s) Liver, sulfur containing com- 
pounds, effect, Roberts and Eelsietn, 

367 

Phospho See Phospholipid 
Tubercle bacillus, chemistrj , Veltch, 

497 

Creighton, Chang, and Anderson, 

S69 

Creighton and Anderson, 681 

Edens, Creighton, and Anderson, 

587 

— — , human, dextrose containing 
medium, chemistry, Creighton, 
Chang, and Anderson, 569 

Tuberculin cell residues, Creighton and 
Anderson, 581 

Liver Estradiol inactivation, vitamin 
deficiency effect, Singher, Kensler, 
Taylor, Rhoads, and Unna, 79 

Fat, amino acid effect, Beveridge, 
Lucas, and O’Grady, 9 

— , protein effect, Beveridge, Lucas, and 
O’Grady, 9 

Fatty acid oxidation, adenosine poly- 
phosphates, relation, Lehmnger, 

309 

Lipid, sulfur containing compounds, 
effect, Roberts and Eckstein, 367 
Phosphate compounds, labile, re- 
juvenation rate, Kalckar, Dehhnger, 
and Mehler, 275 

Thiamine and riboflavin interrelation, 
Singher, Kensler, Levy, Poore, 
Rhoads, and Unna, 69 

M 

Maltose -Glucose mixtures, sugar de 
termination, micro , Morris, 561 


Mercapturic acid(s) Young and 
Zbarsky, 3S9 

p Fluorophenyl-, metabolic formation, 
fluorobenzene relation. Young and 
Zbarsky, 389 

Methionine Synthesis, isotopic carlion- 
andsulfur-containmg, Kilmer and du 
Vigneaud, 247 

Methyl glucoslde(s) Substituted, cop 
per complexes, optical activitj. 
Reeves, dO 

Methyihlstidlne dl 1-, metabolism, Sa 
kami and JYilson, 223 

— , synthesis, Sakami and Wilson, 215 
1-, Sakami and Wilson, 215, 223 
Microtome Tissue slices, preparation, 
Stadie and Riggs, 687 

Milk Casein, Rarnsdell and Whittier, 

413 

Human, fat, fatty acids, Baldwin and 
Longenceker, ^ 

Mold See also Aspergillus, Neurospora 
Muscle Gastrocnemius, creatine, dietar) 
choline effect, Roberts and Eckstein, 

377 

Leucylpeptidase, preparation and m 
tion, Schwimmer, 

Phosphate compounds, labile, re 
juvenation rate, Kalckar, Dehhnger, 
and Mehler, ^ ^ 

N 

Neurospora d Amino acid oxidase, Foro^ 
wite, „ 

Mutant, leucine determination, 
and Brand, „ , 

Ornithine cycle, genetic control, 
and Horowitz, 

Neurospora crassa Leucweless stnun, 

Regnery, - , 

Nlcotinainlde Excessive feeding, elle^ 

Handler, „oiom 

Nitrogen Aconite alkaloids, "“S ^ 
and character, Craig, Nichaelw^ 

Grantck, and Jacobs, , „„,i 

Ammo acid, shock effect. Hoar o^d 

Haist, 21 

Brain, Eichelberger and FicAtcr 

On.., «"■> 

ministration effect, 
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Nitrogen — continued 
UnnO| partition, hydroxy proliiio ad* 
ministration cfTect, Pedersen and 
Lewis, 705 

— , — , prolmo adniinistnition cdcct, 
Pedersen and Lewis, 705 

“i — I pyrrolidonecarboxylio acid ad 
ministration clTcct, Pedersen and 
Lewis, 705 

Nucleotide (s) Adenine, pliosplaitc re- 
juvenation, Kalckar, 207 

Kalckar, Dehhngcr, and Mehler, “dlS 
Polyphosphorylatcd, phosphate groups, 
ensjTnatic separation, Kalekar, 207 

O 

Octedecenolc actd(s), Naturally occur 
nog, isolation and properties, Ifilit 
can and Brown, 437 

Oleic acid Naturally occurring, isolation 
and properties, itillican and Brown, 

n U -137 

Ornithine Cycle, Neurospora, genetic 
control, Srb and Horowitz, 129 
Oxalic acid Urine, determination. Powd- 
ers and Levatin, 207 

Oxidase d Amino acid, Heurospora, 
Horowitz, 

Oxygen Pressure, high, tissue gas 
metabolism, determination in intro, 
apparatus, Sladie and Riggs, 669 
Oxytocic principle Pituitary extract, 
posterior, Potts and Gallagher, 349 

P 

Pantothenic acid Tryptophane synthe- 
sis, effect. Scrap and Green, 719 
arathyrold Extract, phosphorus, 
labeled, effect. Tweedy and Camp- 
bell, 333 

eanut Proteins, tryptophane and tyro- 
sme, Brown, 57 

optidase Leucyl-, muscle, preparation 
and action, Schwimmer, 361 

epUde(3) Ammo acids and, Schott, 
Rockland, and Dunn, 397 

•Proteins and, Schott, Rockland, and 

^uniif 297 

Sulfonic acids, aromatic, reagents, 
Stein, Moore, and Bergmann, 191 


Peroxidase Heat inactivated, regenera- 
tion, Schwimmer, 487 

Phcnazlne Riboflavin analogues, ribo- 
flavin deficiency relation, Woolley, 

31 

Phosphatase Wheat, cocarboxylase hy 
drolysis, effect, Obermeyer, Fulmer, 
and Young, 567 

Phosphate (s) Adenine nucleotides, re 
juvenation, Kalckar, 267 

Kalckar, Dehlinger, and Mehler, 275 
Nucleotides, polyphosphorjlated, en- 
zymatic separation, Kalckar, 267 
Pyruvic acid disassimilation, Clostrid- 
ium butylicum extracts, r61e, Koep- 
sell, Johnson, and Meek, 535 

Phosphate compound (s) Labile, liver, 
rejuvenation rate, Kalckar, Dehl- 
inger, and Mehler, 275 

— , muscle, rejuvenation rate, Kalckar 
Dehlinger, and Mehler, 275 

Phospholipid (s) Propamidme antibac- 
terial action, effect, Elson, 717 
Tissue, diet relation, Fishman and Ar- 
tom, 109, 117 

I Phosphorus Labeled, parathyroid ex- 
tract effect. Tweedy and Campbell, 

339 

Phosphoiylchollne Baer and McArthur, 

451 

Pituitary extract (s) Posterior, oxytocic 
and pressor principles, separation, 
Potts and Gallagher, 349 

Polyamlne(s) JEschenchia coh growth, 
atabrine inhibition effect, Silverman 
and Evans, S21 

Polysaccharide(s) Copper complexes, 
optical activity, Reeies, 49 

Potassium Determination, microbio 
logical, Rogosa, 307 

Pressor principle Pituitary extract, 
posterior, Potts and Gallagher, 349 
Prollne Hydroxy , urine nitrogen parti 
tion, administration effect, Pedersen 
and Lewis,, 705 

Urine nitrogen partition, administra- 
tion effect, Pedersen and Lewis, 707 
Propamidine Antibacterial action, phos- 
pholipid effect, Elson 717 
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Protein (s) Acid groups, determination, 
dye use, Fraenkel Conrat and Cooper, 

239 

Ammo acids and, Schott, Rockland, and 
Dunn, 397 

Base groups, determination, dye use, 
Fraenkel Conrat and Cooper, 239 
-Bound iodine, blood cells, red, and 
blood plasma, McClendon and Foster, 

619 

1,2 Epoxides, action, Fraenkel Conrat, 

227 

-Formaldehyde reaction, Theis, 87 
Theis and Lams, 99 

Hydrolysates, leucine determination, 
Neurospora mutant, use, Ryan and 
Brand, 161 

Liver fat, effect, Beieridge, Lucas, and 
O’Grady, 9 

Peanut, tryptophane and tyrosine. 
Brown, 57 

Peptides and, Schott, Rockland, and 
Dunn, 397 

Proteolytic substance Soy bean extract. 
Ham and Sandstedt, 505 

Pyrldoxal Chemical constitution 
and synthesis. Hams, Heyl, and 
Folkers, 315 

Vitamin activity, iSncfl, 313 

PjTldoiamine Chemical constitution 
and synthesis. Hams, Heyl, and 
Folkers, 315 

Vitamin activity, Snell, 313 

PyrroUdonecarboxylic acid Urine nitro- 
gen partition, administration effect, 
Pedersen and Lewis, 705 

Pyruvate (s) Phosphoroclastic split. Ut- 
ter, Workman, and Lipmann, 723 
Pyruvic acid Disassimilation, Clostrid- 
ium butylicum extracts, phosphate 
r61e, Koepsell, Johnson, and Meek, 

535 

Q 

Quinine Metabolic deruatixe, chemical 
constitution. Mead and Koepfli, 507 
Quinone(s) Vitamin K non qumones, 
conversion to, Richert, 1 


R 

Riboflavin Phenazine analogues, de 

ficiency relation, Woolley, 31 

Thiamine and, liver, interrelation, 
Stngher, Kensler, Levy, Poore, 

Rhoads, and Unna, 69 

Rickettsia prowazeki Cohen and 

Chargaff, 691 


S 

Salicylate (s) Urine, dioumarol ad 
ministration effect, Lester, 305 
Shock \niino acid nitrogen, effect. 
Hoar and Haist, 331 

Silk Fibroin, hydrolysis, aromatic sul 
fonic acids, use. Stem, Moore, and 
Bergmann, Iffl 

Soybean Extract, proteolytic substance. 
Ham and Sandstedt, S}5 

Spermidine Escherichia coh groivth, 
atabnne inhibition, effect, Stlcerman 
and Elans, ®21 

Spermine Escherichia coh growth, afa 
brine inhibition, effect, Siherman 
and Evans, 

Stearic acid Tuberculo , chemical con 
stitution, Velick, 

Steroid (s) Urme, detenmnation, 
periodic acid reaction, Talbot and 
Eitiiigon, 

Sulfonic acid (s) Aromatic, peptide rea 

gents. Stem, Moore, and Bergmann, 

— , silk fibroin hydrolysis, use, Stein, 
Moore, and Bergmann, 

Sulfur Containing compounds, hver 
lipids, effect, Roberts and 

Isotopic, methionine synthesis, Atimec 
and du Vtgneaud, 


Bine Determination, p ammoMcto 
benone effect, Sealock and Good^ 

£vin and, liver, 

tngher, Kensler, Levy, Poore, 

hoad^t Unnaj 
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Thyroid Diiodotyrosino, lodido, inor- 
ganic, in tfjlro, effect, Morton, 

JUiJf, and lioscnfcld, 

Thyroxine, iodide, inorganic, in itlro, 
effect, Morton, ChaiKoJf, and Rosen- 
fcld, 381 

Thyroxine Thyroid, iodide, inorganic, 
in nlro, effect, Morton, ChaikoJJ, 
and Rozcnfcld, 

TIssuc(8) Goa metabolism determina- 
tion, in Vitro, high oxygen pressure, 
apparatus, StadiC and RiQQS, 8 

Phospholipids, diet relation, Puhman 
and Artom, 1^, 117 

Shoes, preparation, microtome, -Sla^o 
and KijjJ, 

Tryptophane Peanut proteins, Broton^ 

Synthesis, pontothomc acid effect, Se- 
vag and Green, 

Tubercle bacillus Human, lipids, dex- 
trosc-containmg medium, chemistry, 
Creighton, Chang, and Anderson, 

5o9 

Lipids, chemistry, VelieA., ^87 

Creighton, Chang, and Anderson, 

669 

Creighton and Anderson, 

Edens, Creighton, and Anderson, 

687 

TabercuUn Cell reaiduea, acetone solu- 
hie fat, Edens, Creighton, and Ander- 
son, ^ 

, lipids, Creighton and Andersw^ 

Tuberculostearlc acid Chemical con- 
stitution, VelicK, 

Tyrosine Duodo-, thyroid, iodide, in- 
organic, in tnlro, effect, Morton, 
ChaiKoff, and Rosenfeld, 

Peanut proteins, Brovin, ^ 

U 

Urease Activity, determination, mano- 
metric, titrimetnc, and colon- 
metric, Van Slyhe and Arehibal^ 

623 


Urine Nitrogen partition, glutamic acid 
administration effect, Pedersen and 
Lewis, 

^ bydroxyprohne administration 

ette’et, Pedersen and Lewis, 705 

j prolino administration effect, 

Pedersen and Lewis, 7M 

pyrrolidonecarboxylic acid ad- 
ministration effect, Pedersen and 
r 70O 

Lewis, j 

Oxalic acid determination. Powers and 
Levatin, ^ 

Salicylates, dicumarol admmistratiOT 
effect, Lester, 

Steroids, determination, periodic amd 
reaction, Talbot and Eitingon, bUO 


Valine Valyl , gramicidin, chemi^ 
constitution, Christensen, 

Valylvallne Graimcidm, chemical eon- 
stitution, Christensen, 

Vitamin (s) Action, rats, Fishman and 

B/^tstalUne, chick nutnh^, effeo^ 
Camvbell, Brown, and Emmett, 

DetTncy, liver estradiol mactiva^ 

effect, Singher, KensUr, Taylor. 
Rhoads, and Unna, 

K. non quinoncs, conversion to qui^ 
none, Riehert, g 

Pyndoxal relation to, SncH. 

Pyridoxamine relation to, n , 

W 

Water Brain, Eiehelberger and Riehter. 
and Young, 'Theisand 

Wool -Formaldehyde reactio , 

Lams, 

X 

Xanthopterin Synthetic, prepa 
Toller, 
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Protein (s) Acid groups, detemiination, 
dye use, Fraenlel Conrat and Cooper, 

239 

Ammo acids and, Schott, RocUand, and 
Dunn, 397 

Base groups, determination, dye use, 
Fraenkel Conrat and Cooper, 239 
-Bound iodine, blood cells, red, and 
blood plasma, McClendon and Foster, 

619 

1,2-EpoMdes, action, Fraenkel Conrat, 

227 

-Formaldehyde reaction, Theis, 87 
Theis and Lams, 99 

Hydrolysates, leucine detennination, 
Neurospora mutant, use, Ryan and 
Brand, 161 

Liier fat, effect, Bciendge, Lucas, and 
O’Grady, 9 

Peanut, tryptophane and tyrosine. 

Brown, 57 

Peptides and, Schott, Rockland, and 
Dunn, 397 

Proteolytic substance Soy bean extract. 
Ham and Sandstedt, 505 

Pyrldoxal Chemical constitution 

and synthesis, Harris, Heyl, and 
Folkers, 315 

Vitamin activity, Snell, 313 

Pyridoxamlne Chemical constitution 
and synthesis, Harris, Heyl, and 
Folkers, 315 

Vitamm activity, Snell, 313 

PyrroUdonecarboxylic acid Urine nitro- 
gen partition, administration effect, 
Pedersen and Lewis, 705 

Pyruvate (s) Phosphoroclastic split. Ut- 
ter, Werkman, and Lipmann, 723 
Pyruvic acid Disassimilation, Clostrid- 
ium bulylicum extracts, phosphate 
rdle, Koepsell, Johnson, and Meek, 

535 

Q 

Quinine Metabolic denxatixe, chemical 
constitution. Mead and Koepfii, 507 
Quinone(s) Vitamin K non quinones, 
conx ersion to, 7?icAer/, 1 


R 

Riboflavin Phenazme analogues, de 

ficiency relation, Woolley, 31 

Thiamine and, liver, mterrelation, 
Singher, Kensler, Levy, Poore, 

Rhoads, and Unna, 69 

Rickettsia prowazeki Cohen and 

Chargaff, 691 


S 

Salicylate (s) Urine, dicuniarol ad 
ministration effect, Lester, 30a 
Shock Unino acid nitrogen, effect, 
Hoar and Haist, 331 

Silk Fibroin, hydrolysis, aromatic sul 
fonic acids, use, Stein, Moore, and 
Bergmann, 131 

Soybean Extract, proteolytic substance. 
Ham and Sandstedt, 505 

Spermidine Escherichia coli growth, 
atabrine inhibition, effect, Stlrertnan 
and Elans, 

Spermine Escherichia coli growth, ata 
brine inhibition, effect, Silieniian 
and Elans, 

Stearic acid Tuberculo , chemical con 
atitution, Velick, 

Steroid (s) Urme, determination, 

periodic acid reaction, Talhol a^ 
Eiiingon, 

Sulfonic acid (s) Aromatic, peptide rea 
gents, Stem, Moore, and Bergmann, 

— , silk ebrom hydrolysis, u-e. Slein, 
]foore, and Bergtnann, 

Sulfur Containing compounds, b'cr 
lipids, effect, Roberts and 

Isotopic, methionine synthei.i3, 
and du Vigneaud, 


T 


o ammoaceto 


land, 

Rifaoflavm and, Iner, 
Singher, Kensler, 
Rhoads, and Unna, 


interrelation. 

Levy, 

69 



BUiutcra 


739 


Tbjrold Diiodotyrosmc, lodido, inor- 
ganic, in n(ro, effect, Iforton, Chai- 
kojJ,andRotcnfcld, 

Thyroxine, iodide, inor^uic, in ritro, 
effect, Iforlon, ChaiUojJ, and Iloicn- 
Jeld, 3St 

Thyroxine Thyroid, iodide, luorgiiuio, 
tji nlro, effect, Iforlon, ChaikoJJt 
and Roscnfcld, dSl 

Tlssne(s) Gaa mcUboliam detcnniua- 
tion, in nlro, high oxygen presaure, 
apparatus, Sladte and liiges, CC3 
Phospholipids, diet relation, Fishman 
and Utom, 100, 117 

Slices, preparation, microtome. Stadia 
and Riggs, 0S7 

Tryptophane Peanut proteins, Uroicn, 

57 

Synthesis, pantotbcnio acid effect. Sc- 
rap and Green, 719 

Tubercle bacillus Uuman, lipids, dex- 
trose-containing medium, chemistry, 
CreighUin, Chang, and Anderson, 

SCO 

Lipids, chemistry, Velieh, 197 

Creighton, Chang, and Anderson, 

SCO 

Creighton and Anderson, 531 

Edens, Creighton, and Anderson, 

687 

Tuberculin Cell residues, acetone solu- 
ble lat, Edens, Creighton, and Ander- 
son, 537 

, lipids, Creighton and Anderson, 

681 

Tuberculostearlc acid Chemical con- 
stitution, VelicK, 497 

Tyrosine Duodo , thyroid, iodide, in- 
orgamc, in intro, effect, itorton, 
(-haikojj, and Rosen} eld, 881 

Peanut proteins. Brown, 57 

U 

Urease Activity, determination, mano- 
metric, titrimetric, and colori- 
metrie, Van Slyka and Archibald, 

623 


Urine Nitrogcii partition, glutamic acid 
administrition effect, Pedersen and 
Lewis, 

— I hydroxyprolinc administration 

effect, Pedersen and Lewis, 705 

— , prolino administration effect, 

Pedersen and Lewis, 705 

^ pyrrolidonecarboxylic acid ad- 
ministration effect, Pedersen and 
Lewis, 

Oxalic acid determination. Powers and 
Leiatin, 

Salicylates, dicumarol admmistration 
effect, Lester, 305 

Steroids, determination, periodic acid 
re letion, Talbot and Eilingon, 605 

V 

Valine Valyl , gramicidin, chemical 
constitution, Christensen, 427 

Valylvnllnc Gramicidin, chemical con- 
stitution, Christensen, 

Vitamln(s) Action, rats, Fishman and 
Irloin, 

B, crystallino, chick nutrition, effect, 
Campbell, Brown, and Emmett, 721 
Deficiency, liver estradiol inactivation, 
effect, Singhcr, Kensler, Taylor, 
Rhoads, and Unna, 79 

K, non quinoncs, conversion to qui 
none, Richert, ^ 

Pyridoxnl relation to, Snell, 313 

Pyridoxamine relation to, Snell, 313 

W 

Water Brain, Etchelberger and Richter, 

Wheat Phosphatase, cocarboxylase hy- 
drolysis effect, Obenneyer, Fulmer, 
and Young, ® 

Wool Formaldehyde reaction, Theis arm 
Lams, 

X 

Xanthopterin Synthetic, preparation 
Totter, 



